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TUBERCULOSIS PROBLEMS OF TO-DAY 
DOCTRINES, CONDITIONS AND NEEDS! 


DAVID A. STEWART 


Manitoba Sanatorium, Ninetie, Manitoba 


Since the Women’s Tuberculosis Society was organized, away back 
about 1909 or 1910, much water has run under the bridges. The world 
has become, for better or for worse, a new world. Old things have 
passed away, and all things have become, or are becoming, new. 

In the new learning that has come, and is coming, out of the uni- 
versity of a world at war, there is much about disease and its ways 
among men. An old volume was closed in August, 1914, and a new 
one opened; and in that new one there are chapters about tuberculosis 
which could not have been written in that very old, very far away, 
time before the war. 

Tuberculosis is an old disease—as old as organized human society, as 
old as houses and villages; but our grandfathers knew little more about it 
than Hippocrates. Our fathers had a clearer light; and we trust that 
in our time, the sun has really topped the horizon, beginning a new 
day. The real burst of new light came with the discovery of the ba- 
cillus. From that time knowledge has grown, not only year by year, 
but even day by day. 

About the time this Society was formed, new light, new interest 
and a new enthusiasm had come to many of us. The enthusiasm may 
have waned and waxed since that time, but the gathering of to-day 
still shows a considerable interest in the problems surrounding tuber- 
culosis. The light in which these problems can be viewed is, we think, 
clearer and steadier than it was. In this clearer light it may be well to 
state again our doctrines with regard to tuberculosis, to examine the 
changed conditions which prevail, and inquire into the needs which 
confront us in this the first-year of peace and reconstruction after a 
world war. We will not find that what we took for truth was really 
falsehood; but will find, rather, that the emphasis has shifted, and that 
we will lay our stresses differently. 


1 An address to the Antituberculosis Society of Winnipeg. 
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In the first place, doctrines. One which was out of date even ten 
years ago, but which dies hard, is the doctrine that tuberculosis is 
largely a matter of heredity. It is true that, if a fortunate child could 
be consulted in the choice of his parents, as Maeterlinck suggests in his 
latest play, he should choose the perfectly healthy rather than the some- 
what tuberculous. He would be apt to get a better physical backing 
from a healthy than from an unhealthy parentage. At the same time 
even though born of parents who are affected by tuberculosis, he is 
almost certain to be born free from actual disease. He may have a 
physical handicap, but we believe he has not got tuberculosis. If, later, 
he acquires the disease (and he has special opportunities for so doing), 
it is from contact, after birth, with tuberculous persons, parents or 
others. The boast that “tuberculosis has never been in our family” is 
good as far as it goes, and is in favor of a rugged ancestry, but gives 
no guarantee that tuberculosis may not appear in any family. On the 
other hand, a family history of tuberculosis, while it may mean an 
inferior physical backing, is no decree of fate, and the family record 
may be improved and even reversed by study and care. Where many 
in a family have developed tuberculosis, heredity is by no means proved. 
A common parentage is just one of many factors common to the mem- 
bers of one family. ’ 

More and more we think of tuberculosis as a universal disease; uni- 
versal not only in the sense that it is found in all countries, among 
all classes, and under all conditions, but universal in a wider sense, 
in that it becomes implanted at some time and to some degree in prac- 
tically every individual. Childhood is the usual time for implantation, 
the seed time; adult life is usually the time of breakdown, the harvest. 
At the age of leaving school there are possibly few children who have - 
entirely escaped infection and latent disease. Seven out of ten thus 
infected likely pass through life without any illness due to the tubercle. 
bacillus; two may have more or less trouble, and overcome it success- 
fully, and one may not overcome it. That is, out of ten who have early 
infection which leaves latent tuberculosis, three may later have the 
disease tuberculosis, and one may die of it. When we hear of one who 
has developed active tuberculous disease, we don’t ask, “‘Where did he 
catch it?” but we do ask, “‘How was his resistance lowered so that the 
disease ‘got’ him?” It is not infection, but lowered resistance and 
breakdown that sets the date for the onset of disease in adult life. 
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Some Manitoba farms have many noxious weeds, and some very 
few. As a rule, a good farmer has a clean farm, and a careless farmer 
a weedy farm. Weeds always impair crop and sometimes utterly de- 
stroy it. A good clean farm, if neglected for one season only, left 
untilled and unsown, grows up a mass of weeds. Where did these 
weeds come from? Were they sown by the hand of an enemy? Were 
they blown over from the surrounding lands? No; they were in the 
soil already, seeded there, rooted there, waiting only an opportunity to 
grow, and that opportunity the careless farmer gave them. The weeds 
were not planted during the year of neglect; they were latent in the 
soil, ready to find their opportunity in any year or any month of neglect. 
There is not a quarter section of cropped land in the whole of Mani- 
toba which has not latent seeds enough and roots enough of noxious 
weeds to grow a veritable jungle of weeds if the farm be neglected. 

Tuberculosis is a human noxious weed lying latent in practically all 
human soils, finding its opportunity for growth in some bit of bad 
human husbandry, some over-strain, some over-fatigue, some dissipa- 
tion, some neglect, some lowering of vitality through illness. When 
one presents himself with signs of tuberculosis, we do not trouble to 
inquire about infection. We inquire as to the particular kind of bad 
farming, the particular cause of breakdown. 

What our beliefs are is a matter of great consequence, for accord- 
ing to our beliefs our acts will be. If one believes that sow thistle or 
tumbling mustard is destined, in spite of all efforts, to destroy a certain 
crop; or that tuberculosis, having been in the family in a past gener- 
action, is inevitable in this generation, as the family ghost or the family 
features, there is not much to do about it. Kismet—it is decreed. 

If one believes his own farming faultless, but that all weeds come 
from his neighbors; or that he alone is free from tuberculous infection 
and all other people are a menace to him, he is going to be a very un- 
comfortable person, and a very irritating and unfriendly neighbor. 
One of the most uncomfortable phobias is the unreasoning and unrea- 
sonable fear of becoming infected by tuberculosis. 

But when one believes that tuberculosis is an almost universal in- 
fection, an almost universal latent condition, though by no means a 
universal disease; that the latent condition becomes disease, not by 
accident, but by living and working under improper conditions, or in 
improper ways; then any anxiety we may have about keeping ourselves, 
or our families, our kinsfolk and acquaintance, our community, our 
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country, from the devastations of tuberculosis will take the practical 
and useful form of improving home, shop and community conditions 
and personal and community habits, in order to lessen the ravages of 
tuberculosis. Rightly considered, tuberculosis is more a social than a 
medical problem; less a disorder of the individual than a disorder of the 
community. Born into the world free from it, the child acquires it 
without his knowledge or ability to prevent. Its activity or inactivity, 
as the child unfolds into the adult, will depend upon such things as his 
tonsils and adenoids, his mouth breathing or nose breathing, the venti- 
lation of his home and shop, the size of his house, his degree of intelli- 
gence, his education, his personal hygienic habits, and the hygienic or 
unhygienic habits of those with whom he is associated. It will depend 
upon his work, and possibly still more upon his play, upon his hours of 
work, his hours of rest, his holidays, his recreations, upon the burdens 
he carries. It will depend upon the epidemics which visit his commun- 
ity, upon clean or dirty streets, well- or ill-regulated public places, on 
milk supply and food regulations, upon costs of necessaries of life, upon 
war or peace, on marrying and giving in marriage: indeed on all con- 
ditions—hygienic, social, personal and financial—which enter into his 
life. 

The death rate from tuberculosis in England rises and falls with the 
price of bread, a staple article of diet. The death rate from tubercu- 
losis in families living in one or two rooms is twice as high as in families 
living in five or six rooms. The city of Liverpool cleaned out a bad 
tenement district many years ago to stamp out typhus fever, and found 
that, in the better houses which replaced those destroyed, the death © 
rate from tuberculosis had lessened as well. The water carriage of sew- 
age, and every sanitary reform, every improvement in living conditions, 
have had a definite influence on the tuberculosis death rate. In Mani- 
toba, the settlements in which tuberculosis is most prevalent are those 
in which living standards are lowest, where ignorance is general, houses 
small, sanitary conditions bad, overcrowding common, work hard, the 
average of wealth low; old settlements of ignorant and unmodern type; 
foreign un-Canadian settlements, out of touch with modern move- 
ments; pioneer settlements, in which there is more or less privation. 
Such settlements in Manitoba have a death rate—as shown by an in- 
vestigation made a few years ago—six times the Manitoba average. 
On the other hand, prosperous settlements, where houses are good, 
circumstances easy, people intelligent and modern-minded, sanitary con- 
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ditions good, crops good, mortgages few—some such settlements were 
found to have a death rate one-sixth the average provincial rate. If 
statistics were absolutely reliable (as they are not), one might say that 
the worst settlements in Manitoba have a death rate from tuberculosis 
thirty-six times as great as the best settlements. 

The medical history of a broken leg may be given in a short para- 
graph. The medical history of the onset of typhoid fever may be given 
almost as easily—a healthy person ate or drank infected material and 
became ill. But the medical history of a breakdown from tuberculosis, 
to be complete, involves a study of almost all that a man has ever done 
or has ever been subjected to. It is, in the words of Ulysses, “A part 
of all that he has met.” Tuberculosis is not a patch on the fabric of 
life—it is woven into the warp and woof of life. 

The doctrine to which we adhere firmly, that all of us have at least 
the makings of tuberculosis, and that wrong living makes latent disease 
active and possible disease real, is one which leads to a direct and def- 
inite interest in all aspects of personal, family and community life. An 
interest in tuberculosis, it follows, so far from being a narrow one, 
can be one of the widest. The fact that tuberculosis develops out of 
social conditions, even more definitely than out of physical conditions, 
makes the campaign a very broad one—connects it up with every move- 
ment for the betterment of living conditions. To one who thinks 
tuberculosis, nothing in a community is without relevance or interest. 
It follows also that the best campaign against tuberculosis is not neces- 
sarily a direct campaign. Preaching the badness of sin and the fear of 
hell-fire is not considered as good a way of soundly converting people 
as the preaching of the beauties of goodness. More antituberculosis 
work may be accomplished by helping on a good housing movement, or 
teaching the use of the toothbrush to children, or finding adenoid 
growths and having them removed, or ringing a curfew bell to get 
children to bed, or voting against any daylight saving which keeps them 
out of bed, or setting a fashion against over-elaborate housekeeping; 
more, possibly, may be done in such ways than by lurid lectures about 
the tubercle bacillus and all its badness. Indirect illumination is the 
best. Frontal attacks are not always effectual. The victory over tuber- 
culosis may be won by advances on other fronts. 


¥ 


DAVID A. STEWART 


WHAT ARE PRESENT CONDITIONS WITH REGARD TO TUBERCULOSIS? 


There can be no doubt that the general public is much more inter- 
ested than it was ten years ago, and possibly even better informed, 
though it would be difficult to suggest any subject of popular discussion 
about which there is as much general misinformation. Unfortunately 
deep interest sometimes goes with the greatest amount of misinforma- 
tion, and many people are really interested in tuberculosis problems who 
still think the disease exists only in those who are definitely ill; that it 
is commonly contracted by adults; that it is properly treated, no matter 
what the condition, by unlimited tramping about in the open air, and 
that it is always fatal (as, of course, could be expected from such treat- 
ment). To correct misinformation, the only agency is truth. Truth is 
mighty, and we hope it will in the end prevail. The amount of teaching 
we do about tuberculosis is not so important as that it be accurate and 
true. It was said by the Greatest of Teachers, “‘Ye shall know the 
truth, and the truth shall make you free.” The truth about tubercu- 
losis is the best antidote for the unreasoning and unreasonable fear of 
the disease which makes the life of many an otherwise sensible person 
a burden. 

It can be said with truth that conditions are improving in Manitoba. 
There are still nearly 500 deaths a year from tuberculosis, or about 85 
for every 100,000 population; but that is about the lowest death rate 
in Canada, which we share with Ontario, Saskatchewan and Alberta. 
Compared with our 85 per 100,000, Montreal and Quebec have each 
over 200, New Brunswick and Nova Scotia each about 170, Canada as 
a whole about 140, different portions of the United States, east, west, 
north and south, from 100 to 300, and the whole country about 160. 
England’s rate is about 140. In some parts of South America, in the 
Philippines, and in other countries in which living conditions are bad, 
the death rate per 100,000 ranges from 300 to 600; that is, up to nearly 
seven times the death rate of Manitoba. The lowest death rate on 
this continent is in the provinces of Ontario, Manitoba, Saskatchewan 
and Alberta. Rates in the Coast States and the Southern States are 
very high in comparison. 

On the whole, the proportion of one death in every ten due to tuber- 
culosis still holds; and it is approximately true that in all the countries 
at war, during the past four years, tuberculosis has resulted in as many 
casualties, as many deaths, as war. Unnecessary deaths, among which 
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deaths from tuberculosis are included, mean a yearly financial loss to 
Canada of $150,000,000, and to the United States of two billions of 
dollars. In North America, deaths from preventable diseases, includ- 
ing deaths from tuberculosis, are 690,000 per year. And death rates, 
which have been falling for a generation, will be raised again—it may 
be for several years—by the influenza scourge. 

Among conditions of to-day to be considered in connection with 
tuberculosis are those growing out of the war. When, in 1914, the 
brazen clarion summoned the youth of all nations into armed camps, it 
was considered that an immense breaking down of resistance and an 
appalling increase in the ravages of tuberculosis would result. It is 
quite true that many have been broken down through the spread of 
epidemic diseases in barracks and camps, by bad camp and unutterable 
trench conditions, by fatigue beyond human endurance; and yet the 
number so broken down and made tuberculous is not so great as was 
anticipiated. It is balanced to some extent by the number of those who 
were actually improved physically by the drill, the regular life and the 
outdoor work; so that it has been repeatedly stated, by those in a posi- 
tion to make an estimate, that the incidence of tuberculosis has not 
been greatly increased, if, indeed, at all, by war, so far as the soldiers are 
concerned. It has been increased lamentably in the civilian population 
of every territory over-run, and even in the civilian population of 
Britain. 

Contrary to the popular belief, asphyxiating gasses—the most hor- 
rible of all weapons of war—have not been in any measure responsible 
for tuberculosis. Having been gassed does not result in becoming 
tuberculous. 

Again, in opposition to popular belief, actual infection of one soldier 
by another has not been the cause of war tuberculosis. Disease which 
became active in war was latent before the war. As Osler has said, 
“the germ enlisted with the soldier.’”’ Debilitating conditions insepar- 
able from war, the widespread common colds and uncommon colds, 
influenzas of all sorts, measles, whooping-cough, mumps and other 
epidemic diseases have stirred latent tuberculosis into activity. They 
have stirred up other respiratory diseases as well. Thirty-three per 
cent of soldiers returned to Canada, suspected of tuberculosis, have 
been found to be non-tuberculous. Early in the war France lost two 
divisions—about 86,000 fighting men—by classing them as tuberculous; 
whereas closer diagnosis, under better conditions, showed that only 20 
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per cent of them were tuberculous. Much pulmonary disease, apart 
from tuberculosis, has come out of the war. 

It is along this line that the war has had much to teach about tuber- 
culosis. Skill in diagnosis has been greatly increased, and the hazy 
line between tuberculous and non-tuberculous respiratory diseases has 
become more clearly defined than ever before. 

Whatever increase there may have been in active tuberculosis during 
the war may possibly be compensated for by a correspondingly low rate 
in succeeding years. This was found true following the Franco-Prussian 
war. It is argued that those who would in time have broken down 
anyway broke down earlier than they otherwise would have done on 
account of the war strain, and so breakdowns may be fewer for some 
years to come. 

Among new interests aroused by the war, a renewed interest in 
tuberculosis is certainly one. It has resulted in the expenditure of large 
sums of public money in buildings for the care of tuberculous patients, 
and for the cure of these patients. It has established the treatment of 
tuberculous patients to an extent that it never was before as a public 
duty, and a matter of concern to governments. The war has led us to 
the verge of a new conception regarding illness, its care and cure. If 
the wounded or tuberculous soldier be cared for until he is well, or 
helped indefinitely if he should not return to complete health, it is not 
difficult to argue that the soldier of commerce, of industry, or of agri- 
culture, when disabled, should be cared for in the same way. If the 
man who fights abroad is to be provided for in illness, why not the 
woman whose work and child-bearing have broken her down at home; 
and why not the child, the worker, or, if a stern need should arise, the 
fighter, of the future? 

If tuberculosis has not been greatly increased by war, it may be 
asked why so great increases were necessary in buildings for the treat- 
ment of the disease. It may be, at least in part, because, among mobil- 
ized men, practically all active cases enter sanatoria, besides many 
suspects who are really non-tuberculous. This sudden increase in our 
sanatorium population is not alarming if, without increasing our mor- 
bidity, we are simply increasing the proportion of our cases under insti- 
tutional treatment. Indeed, that is just what for many years we have 
been trying to do. 

Out of war tuberculosis, there may come good as well as evil. There 
has, indeed, come already a better and clearer understanding of the 
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disease, more accurate diagnosis, a more general resort to treatment 
in early cases, more and better equipped institutions for treatment, a 
juster idea of the place of the tuberculous man in the community, and 
a fuller utilization of the by no means inconsiderable capacity of even 
the definitely tuberculous man for service. 

We are beginning to fear that, though war has claimed its thousands 
and tuberculosis its thousands, the pestilence that walketh in darkness, 
and the destruction which wasteth at noonday, may destroy almost its 
tens of thousands. In the United States, which, of course, was not 
hard hit in the war, influenza has killed ten times as many as the war. 
In one Manitoba community it destroyed one per cent of the popula- 
tion; in Pittsburgh, nearly seven-tenths of one per cent; in Philadelphia, 
three-quarters of one per cent; in Boston, one-half of one per cent; and 
in Winnipeg, nearly 1,200 deaths have already been reported—about 
six-tenths of one per cent of the population. In seven years tubercu- 
losis would not cause as many deaths in. Winnipeg as influenza in two 
months. That means the depletion of the community by influenza was 
forty times as rapid as by tuberculosis. 

Influenza, which seems to linger in the mountains of Asia, issuing 
forth at irregular intervals and riding like a foul spirit over the world, 
breathing poison into the faces of men, has been well called a ‘“‘mystery 
disease.”’ Its relation to tuberculosis is not more certain than its other 
relations. There is an idea that tuberculous people are passed over 
easily. It seems true that most handicapped people are dealt with more 
easily than would be expected. It is my idea, however, that it is not 
the tuberculous person who is passed over easily, but one who follows 
the tuberculosis routine, who lives the open-air life, avoids excesses, and 
keeps energy expenditure well within energy income. The tuberculous 
person who lives wrongly, who over-spends his energy, who becomes tired 
and lowers his resistance, will certainly not be exempt, but likely be 
very hard hit. The influenza epidemic undoubtedly touches a match 
to old latent tuberculous conditions and lights up tuberculous disease 
in many for the first time. 

I have discussed doctrines and present-day conditions, and have now 
to mention needs. 

One of the most urgent needs, the need of information to replace 
misinformation, has already been emphasized. It would seem to me 
that papers on tuberculosis, the disease, its causes, its treatment, and the 
results of treatment, would not be out of place in this Society. I am 
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sorry to say that even medical associations and associations of nurses 
are not beyond the need of papers of this sort, and for the same purpose 
of better information. 

Since tuberculosis bears a definite relation to almost all that enters 
into family, personal and community life, such a Society as this 
could very properly discuss the relation of tuberculosis to other com- 
munity problems. Such studies might be made of tuberculosis and 
housing, tuberculosis and hours of labor, tuberculosis and the pay-roll, 
tuberculosis and strikes, milk and tuberculosis, food inspection and 
tuberculosis, the school and tuberculosis, personal hygiene and tuber- 
culosis, tuberculosis and the common “cold,” tuberculosis and maternity, 
tubercu.vsis and war, the factory and tuberculosis, tuberculosis and city 
cleaning, tuberculosis and recreations, which last might be one of the 
most important. Not only would such studies develop and fix the ideas 
of the members, but they might enable the Society to speak its mind on 
these associated questions, and, in a way, poll its vote in favor of better 
conditions. 

Not only knowledge is needed, but a real interest—an interest that 
goes beyond pity. It is a great thing to pity and help the down-and- 
out, the hopeless, the man with staggering gait and hollow cheek; but 
interest in preventing the making of tuberculosis may be even more 
important than interest in the unmaking of it. Prevention is a bigger 
matter than cure. It does not take much imagination to see the needs 
of the very ill, but it takes more imagination to see the ways in which 
the community life may be bettered and the world made safe for life 
as well as for democracy. 

All visiting of sick people requires knowledge and tact; but the 
visiting of those who have tuberculosis, especially if the visitor dares to 
give advice, requires very definite knowledge about the disease. For 
instance, the venturing of an opinion by the visitor as to how much the 
patient should do, and how much he should rest; whether he should 
read or write, or receive visits or not. Such matters are definitely in- 
volved in the treatment of tuberculosis, and right or wrong advice is 
fraught with fateful consequences. 

There may be room even yet, among all campaigns of all sorts in 
this age of campaigns, for a little more definite campaigning with re- 
gard to tuberculosis. I am sure, for instance, that the poor, over- 
burdened school children, attacked by all campaigners, have not yet 
been sufficiently taught with regard to tuberculosis. I do not ask for 
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instruction with regard to the disease. The best instruction would be 
that in which the name of the disease was not mentioned and the disease 
scarcely hinted at, but that which would teach, for instance, that it was 
neither hygienic nor gentlemanly nor ladylike to expel the secretion of 
nose and throat, by coughing or sneezing, into the faces of other people. 

The war has brought to light in all countries undreamt of resources 
of man-power, woman-power, money-power, enthusiasm, patriotism, 
self-sacrifice, altruism, organizing ability. If even a tithe of this great 
stream can be directed into the problems of reconstruction and better 
construction of our whole social fabric, the world should be a better 
world for the next generation, almost, than we have ever dreamed of. 

War is not over; the clash of arms will give place to rivalry in com- 
merce, in industry, in productiveness; and, if we are to cope with other 
nations, the master words for us must be conservation and efficiency. 
Waste of our material resources, of our soil, our forests, our mines, our 
products, our cities and towns by fires, will cripple and handicap us in 
the race; but most of all will we be handicapped by the wasting of our 
human resources, the lives, the strength, the health, the vitality of our 
men and women, our sons and our daughters. Conservation of health 
and strength, and time, comes to be high patriotism. National health 
is national wealth, and means national prosperity. We must gather up 
the fragments that remain, that nothing be lost. Let us carry into a 
campaign, for stopping the national waste from unnecessary disease, all 
the strength of purpose the war found and fostered within us. 
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THE TUBERCULOSIS PROBLEM IN SAN FRANCISCO! 


GEORGE H. EVANS 
San Francisco 


At the end of the first decade of organized effort in the tuberculosis 
campaign in San Francisco, it would seem an appropriate time to pause 
and take careful inventory of the situation as it presents itself at the 
present time. Measured by results accomplished, have the efforts of 
those who have been actively engaged in this work been worth the en- 
deavor? Has the expenditure of the funds necessary to carry on the 
work been justified by a corresponding amelioration of the conditions 
which were present when the work started? Have misdirected efforts 
on the part of those active in the work brought the total of achievement - 
far below where it would have been had the various activities operative 
in the campaign been more intelligently correlated? Have some of the 
fundamental problems been overlooked in the endeavor to meet and 
deal with what seem to be the pressing needs? 

There is a universal tendency to evaluate endeavor in terms of mor- 
tality and morbidity statistics. A lowered death rate is too frequently 
attributed to the activity of educators and propagandists where more 
careful analysis would present facts tending to refute these claims. 
Doctor Palmer of Illinois has recently in striking manner called atten- 
tion to the error of too hasty analysis of such statistics, and has shown 
from the figures of Hoffman that while the death rate from tuberculosis 
showed a decrease of 30 per cent during the twenty years following the 
beginning of the organized campaign in this country, the preceding 
twenty years showed a decrease of 27 per cent, almost as great as that 
of the two following decades. In fact Hoffman’s figures show a rather . 
steady decrease in New York, Philadelphia and Boston for the past 
hundred years; ‘‘the more decided decrease beginning about 1881, or 
eleven years before the first organized tuberculosis work in America, 
but, incidentally, at about the time of Koch’s discovery of the tubercle 
bacillus.” 

In order to understand the San Francisco problem better it will be 
necessary to review briefly the situation existing for some years prior to 
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the decade just past. The city had the unenviable distinction of hav- 
ing the highest death rate from tuberculosis, with probably one excep- 
tion, of the ten most populous cities of the nation. No organized effort 
had been made to study the problem. Such relief as was given to 
needy cases was done by the Associated Charities and other charit- 
able societies. The municipality took no cognizance of the situation. 
There were no hospital wards for the tuberculous prior to 1907. There 
were no clinics. Tuberculous patients entering the general medical 
clinics were indifferently examined without investigation of living con- 
ditions. There was no social service. There was no housing inspection 
although there were large areas of insanitary overcrowded tenements 
and houses in the ‘North Beach” and ‘‘South of Market Street” dis- 
tricts. The criminal negligence of the municipality was no greater nor 
more far-reaching in its baneful results than was the criminal apathy of 
its citizens who allowed this condition to go on without any effort at 
abatement. 

In 1906 the Great Fire wiped out completely the tenement districts 
of the city. The golden opportunity presented by this devastation 
was sacrificed in the effort of rehabilitation. Insanitary and over- 
crowded tenements quickly were reared on the embers in response to 
pressing housing requirements. A small group of citizens succeeded in 
securing some housing legislation, but lacked the machinery for enforc- 
ing its provisions on an unsympathetic municipality frenzied in its 
effort to again place the city on the map. 

Late in 1907 it was realized that bubonic plague was present and the 
struggling city was threatened with Federal quarantine. The situation 
became so acute, that, acting on the initiative of the State Medical 
Society, the citizens organized; and through the activity of the Citi- 
zens’ Health Committee a sanitary campaign was inaugurated and car- 
ried through to a successful issue. Sanitary regulations of the most 
drastic nature were enacted and enforced because the entire com- 
munity was aroused through a wholesome fear of the dire consequences 
which impended. Plague was eradicated from San Francisco by a cam- 
paign of publicity, a campaign in which the codrdination of all the 
industrial and social organizations of the city was so complete, that it 
probably stands out as the best example of successful health campaign 
that has been witnessed by the nation. 

In the summer of 1908 the organization of the San Francisco Asso- 
ciation for the Study and Prevention of Tuberculosis which had been 
interrupted by the disaster two years before was brought to completion. 
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It at once became evident to the organizers that there were several 
problems more or less fundamental, which pressed for immediate con- 
sideration. As the basis for the development of a comprehensive cam- 
paign some sort of survey was necessary to the end that information 
could be acquired relative to the incidence of tuberculosis and the 
discovery of areas of greatest infection. It was necessary to correlate 
and centralize the various clinics and develop an efficient social service 
department. An educational campaign had to be inaugurated that 
would be effective in creating a popular demand for legislative relief 
from many of the conditions which existed, and which would produce a 
general understanding of the objects and necessities of the organiza- 
tion. It was necessary that an affiliation with other organized bodies 
be created whereby concerted action could be taken relative to a com- 
prehensive study of the housing problem. An immediate amelioration 
of the disgraceful conditions surrounding the care of the tuberculosis 
patients at the City and County Hospital was demanded. This com- 
prehended a program worthy of organized effort, and a devoted group 
of workers started to build the foundation on which to erect a creditable 
superstructure. 

The organization of the clinics became the immediate concern of the 
association. After much deliberation and consultation with other 
bodies and agencies active in charitable work, and with the codperation 
of the medical schools and other dispensaries, it was decided to attempt 
centralization of the various clinics in order that more uniformity 
could be attained in the efficient handling of these patients than was 
being accomplished in the various outpatient departments scattered 
throughout the city. Centralization was also necessary for the more 
effective and rapid development of a social service department without 
which clinics served little purpose. The various clinics through this 
affiliation sacrificed no autonomy; each appointed its own clinician; and 
the clinics representing the medical schools were free to use the clinical 
material for teaching purposes. The clinics were merely housed by the 
Association, which financed the affiliation. 

At the outset it was fully recognized that centralization was neces- 
sarily a temporary plan; that, as the work developed and the clinics 
grew, it would be necessary to provide branches geographically situ- 
ated to meet the growing requirements; and that the academic work of 
the medical schools would ultimately require that their clinics be merged 
with their general outpatient departments. It was believed, however, 
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that the proper inauguration of the work required centralization. The 
work accomplished has abundantly justified the decision of the pro- 
moters. Five clinics affiliated at once, and this number was soon in- 
creased to seven. The growth of the clinic has been satisfactory. A 
branch clinic in the Mission District was inaugurated in 1916; the two 
medical schools have transferred their clinics to their general outpatient 
departments, the affiliation remaining; two night clinics have been 
established; a Chinese clinic is in operation in the Oriental Quarter; 
and a children’s clinic has been opened in the Mission. The Association 
is looking after about 1200 cases at the present time. 

Starting with two nurses the social service work has endeavored to 
keep pace with that of the clinic, with the result that there are now five 
Association district nurses: and three social service workers, the salaries 
. of the latter being paid by the City Health Department. Too much 
cannot be said of the efficiency of these nurses. The living conditions 
of the clinic patients have been investigated and, by actual house to 
house canvass in many districts, late stage cases have been discovered, 
patients removed to the tuberculosis hospital, and children taken from 
insanitary homes and places found for them where they could grow and 
develop under more favorable hygienic environment. The good work 
accomplished in this field has of course been limited by the fact that 
the staff of workers has not been much larger. 

While it has not been the policy of the Association to use its funds 
for the giving of relief, several hundred dollars are expended yearly to 
meet urgent needs when relief could not be obtained elsewhere. Relief 
has been supplied mainly through the codperation of the various chari- 
table organizations throughout the city. 

It was recognized at the start that the morbidity statistics of tuber- 
culosis in the city were defined in terms of the mortality reports. 
Physicians generally were not reporting their tuberculous patients. 
The profession was circularized by the Association urging codperation 
in this respect. The result was shown in the fiscal year 1908-1909 by 
the fact that the morbidity figures approximately doubled those of the 
mortality rate. This ratio has practically remained unchanged to the 
present. Doctor R. W. Philip of Edinburgh has concluded as the result 
of elaborate calculation on this point that the total number of active 
cases of tuberculosis in any district is about ten times the number of 
deaths from the disease. If this calculation is even double the actual 
number the fact remains that in San Francisco as in many large cities 
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the vast majority of open cases remain beyond the reach of organized 
effort to find them. 

In 1909 the Legislative Committee of the Association secured the in- 
troduction of a comprehensive tuberculosis measure in the Board of 
Supervisors which became an ordinance. This law enabled the authori- 
ties to enforce compliance with regulations for the handling of the 
tuberculous, and gave them police power in the forcible removal to a 
place of isolation of such patients who, by their refusal to comply with 
the regulations of the ordinance, menaced the health and welfare of 
others. 

Educational propaganda has not been neglected. Much literature 
has been distributed; but better practical talks have been given to 
groups of employees in shops, factories, department stores and meetings 
of labor organizations. Medical examination of employees has been 
carried on as far as the codperation of employers could be obtained, and 
the machinery for the work be provided. 

In July, 1915, the Association submitted a preliminary survey of the 
situation to the Department of Public Health. This report contained 
much valuable information relative to the problem, obtained at consid- 
erable cost of time and labor over a period of three years. It pre- 
sented several recommendations among which was the creation of a 
special Tuberculosis Bureau of the Department of Public Health with 
suitable appropriation. The activities of this bureau contemplated the 
coérdination of the clinics and many of the functions carried on by the 
Association as part of the municipal public health problem. It pro- 
vided for the enforcement of the regulations of the tuberculosis ordi- 
nance and for the carrying on of investigations relative to the living 
and working conditions of the people. It placed squarely before the 
city government its responsibility toward the prevention of tubercu- 
losis and emphasized the fact that the burden of the work should be 
borne by public appropriation rather than private charity. Provision 
was also made in this report for more adequate hospital facilities for 
advanced cases. This included a two hundred bed sanatorium for 
early cases, and the care of tuberculous children—a hospital for active 
cases and preventorium for the physically subnormal. The necessity for 
open air schools was urged. 

San Francisco has lagged behind in the development of open air 
schools. In a city where climatic conditions lend to the practicability 
of such institutions, this lack is cause for serious criticism. In 1916 


a 
id 
wa 
Ait 
| 


TUBERCULOSIS PROBLEM IN SAN FRANCISCO 17 


the Association, with the codperation of the Board of Education, started 
the first open air school. This affords accommodation for twenty-five 
pupils, the expense of which, with the exception of the teacher, is borne 
by the Association. Another has recently been opened in the Mission 
District. The expectation that the results accomplished by the suc- 
cessful operation of this experiment would impel the Board of Education 
to realize the necessity of instituting such schools in other districts where 
they are sorely needed has not been realized. 

The San Francisco Hospital. ‘The city provides hospital facilities for 
between 250 and 300 cases in the tuberculosis department of the San 
Francisco Hospital. This department comprises a new wing of the 
general hospital, recently constructed at a cost of about $400,000, and 
consists of a four-story brick building, fairly well equipped, with both 
open and closed wards. The general administration is in charge of a 
superintendent, the medical service being supplied by visiting physi- 
cians from the two medical schools. As the city has no sanatorium 
provision for early cases, this department, intended only for late cases, 
is largely occupied with those who should receive sanatorium care. 
This results in long waiting lists of those who in the interests of public 
health should be cared for by the city, and isolation of the late danger- 
ous cases is largely defeated. This has given rise to much just criti- 
cism, and the hospital care has been the storm center about which the 
forces engaged in the tuberculosis campaign have waged incessant war- 
fare. There were 899 deaths from tuberculosis in San Francisco in 
the fiscal year ending June 30, 1917, a relative death rate of 194.1 per 
100,000. Admitting the general accuracy of the estimates of Philip 
and others relative to the incidence of active disease as compared with 
mortality, San Francisco probably had in that year nearly 9000 active 
cases. Of this number, the advanced cases requiring hospital care 
could conservatively be estimated at nearly 1000. San Francisco is 
providing hospital accommodation for only about 25 per cent of those 
who should be isolated. As a large proportion of those who should be 
in hospital are old fibroid cases which should be cared for elsewhere in 
different types of institutions, or cases suitable for sanatorium care, it 
will be at once apparent that the problem of the segregation of the 
advanced hopeless case is far from a satisfactory solution. When the 
hospital problem is viewed in the light of results obtained the eco- 
nomic waste becomes very apparent. A recent canvass of the inmates 
demonstrated the usual preponderance of unskilled laborers among the 
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men, and of housewives and domestics among the women. Of those 
who improve sufficiently to leave and go back to their various employ- 
ments, what is the ultimate outcome? The Social Service Department, 
with its inadequate force, is doing all it can to follow up the discharged 
cases; many become patients at the Association clinics; more wander 
away to break down under the effort with their partially arrested lesions, 
to earn their living; and a large number after absence of varying periods 
return to the hospital, broken down in body and spirit. Numbers of 
such patients have been intermittently inmates half a dozen times or 
more. Something is fundamentally wrong with a system which is 
productive of such economic waste. 

Sanatorium. After much conference, and much expenditure of time 
in search for a suitable site, the sanatorium problem is apparently as 
far from solution as ever; and the initial appropriation of $50,000 
included by the Board of Supervisors in last year’s budget for this 
purpose bids fair to be left out of the present budget. There is much 
difference of opinion among tuberculosis workers concerning the rela- 
tive value of the sanatorium as a factor in the campaign. Doctor 
Livingstone Farrand on one occasion said to me that he considered it 
the most expensive and, at the same time, the least efficient weapon in 
the war against the White Plague. No one who has visited the sana- 
torium at Frimley, and has seen the splendid work of Doctor Paterson, 
has failed to be impressed with the immediate results of rest and gradu- 
ated exercise. What of the ultimate results? On the occasion of a 
visit there a few years ago Doctor Paterson admitted that practically all 
the arrested cases failed in their effort to maintain their health when 
returned to the living and working conditions in London under which 
they had originally broken down. 

Of 1056 patients discharged from the Massachusetts State Sanatoria 
from May 1912 to May 1914, 45 per cent had died by December 1916, 
according to an investigation conducted by Hawes. This report does 
not state the percentage of deaths due to tuberculosis. 

The condition of patients twenty years after discharge from the 
Trudeau Sanatorium is treated in an interesting manner in the Thirty- 
fourth Annual Report of that institution recently published. The 
significant summary of this report is that of 814 traced patients, 666, 
or 81.8 per cent, are dead, the vast majority of whom died of tuber- 
culosis. It is not my desire to minimize or bring into question the 
value of the sanatorium, but I believe the time has come when we 
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should temper our enthusiasm, and, I fear sometimes our impetuosity, 
by intelligent conservatism; and endeavor to discover wherein the work 
of the sanatorium is deficient. Why are the benefits acquired at such 
an expenditure of money and energy so temporary in their results 
that such large numbers of the graduates of sanatoria fail to carry on? 
This is a pertinent question and may well engage the serious attention 
of tuberculosis workers everywhere. 

An attempt has here been made to present a summary of some of the 
activities of those interested in the tuberculosis problem in San Fran- 
cisco during the last decade. The fallacy of attempting to evaluate 
results in terms of mortality statistics is very evident. The death rate 
has fallen from an average annual rate for the years 1906 to 1910 of 
208.9 to 193.6 per 100,000 of population for 1916. These are the latest 
available figures as published by the Bureau of the Census. This com- 
pares favorably with the statistics of many of the large cities of the 
nation, and in fact with the relative decrease in the entire registra- 
tion area. It is interesting to observe in this connection that the 
only two cities in the group considered which have shown an increase 
in the mortality rate from tuberculosis during this time have been 
Cleveland and Buffalo, which cities have been at the front in organ- 
ized warfare against this disease. This emphasizes the fact that rapid 
decrease in mortality is not to be expected in the future as communi- 
ties approach the minimum. The two cities mentioned have enjoyed 
an unusually low death rate since 1900. When we thoughtfully ana- 
lyze the decreasing death rate since 1882 as shown by Hoffman’s fig- 
ures presented to the National Association in 1913, a decrease com- 
mencing a decade before any organized campaign was instituted, we 
are impressed with the fact that other agencies have been factors. As 
expressed by Palmer: 


Coincident with the descending curve in tuberculosis mortality, people 
were living cleaner, better and more wholesome lives and interest in general 
health was steadily increasing. While we were passing through our early 
hysterical fear of infection in our frenzied battle with the tubercle bacillus, 
and were awakening from our over-colored dreams of short cuts to cure, 
scores of medical and social agencies were coming into life trying to solve the 
problems of better living and of better health. We must consider to what 
greater extent these forces and agencies may be employed in continuing that 
curve which is still too far from the bottom of the scale. 
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It would be well now to turn our attention to some aspects of the 
problem which seem fundamental and yet have not generally received 
the serious consideration their importance demands. 

The necessity of correlation of the various medical and social 
agencies in the community into a federation similar to the Cleveland 
plan is at once apparent. This lack of codrdination has been a great 
obstacle to the work in San Francisco. Too much attention has been 
concentrated on the struggle against the bacillus, and the importance 
of uniting all activities in the community which strive for better living 
conditions has not been sufficiently recognized. 

‘Antituberculosis associations generally have been slow to throw 
aside tradition and shape their course by the beacon lights kindled 
by the revelations of modern phthisiogenesis, which have presented 
the prevention of tuberculosis in a new form. Many of our old texts 
have become mere platitudes. Several years ago Trudeau said to me 
that we have taught the people so much that is erroneous about tuber- 
culosis that we must now begin to “‘unteach” them. Much has been 
said and written regarding the care of the child. “Tuberculosis is a 
disease of childhood” has become as familiar a phrase as that ‘“tuber- 
culosis is a house disease;” and yet we prattle these terms in our Asso- 
ciation meetings and medical societies, while our infants are continu- 
ously exposed to the massive infections which result either in the shame- 
ful mortality from tuberculosis which occurs in the first year of life, or 
in the implantation of the lesion which ultimately presents the problem 
at puberty or in the adult. 

Modern phthisiogenesis teaches us that the child is born free from 
tuberculosis but without any of the protection from the bacillus which 
we call immunity. The tubercle bacillus is ubiquitous and infection 
is inevitable as is shown by the increasing evidence of infection up to 
fourteen years, when 90 per cent of all children react to tuberculin. 
Infection after infancy does not result in the high mortality seen in the 
first two years of life, but on the other hand produces frequently a mild 
infection which protects or vaccinates against the disease in the future. 
The infant under two years of age should be protected against tuber- 
culous infection at all costs. This presents a problem radical in its 
nature and drastic when considered from the standpoint of measures 
for carrying it out. Much has been done for the care of the already 
infected child, and the preventorium has become a very popular part 
of our propaganda. What of the protection of the infant? ~Aside 
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from the experiment of Doctor Hess in New York, I know of no other 
organized effort to meet this fundamental problem. If some of the 
misdirected energy expended on an attempt to chase the bacillus in 
the adult could be transferred to constructive effort to protect the 
infant from infection, a great gain would be made toward the ultimate 
goal of our endeavor. 

Industrial communities. No adequate plans exist for the aftercare 
of the sanatorium patient. We have been reluctant to recognize the 
fact that arrest of disease in the clinically tuberculous does not mean 
cure. Until tuberculosis workers generally are brought to a realiza- 
tion of the truth that those, whose tuberculous infection has advanced 
to a stage of clinically recognizable tuberculous disease, will in the vast 
majority of instances never be able again to enter the channels of nor- 
mal industrial competition, the sanatorium and other agencies created 
for the treatment of the tuberculous will lack the machinery for making 
their work effective. If the work accomplished at such expense by 
clinics and sanatoria is to be justified by results which endure, then suit- 
able provision must be made for the institution of industrial com- 
munities for arrested cases. I take this to be at once one of the most 
fundamental problems that the future of antituberculosis work pre- 
sents. Much impetus has been given this by leaders in the campaign 
during the last two years. The farm colony idea has developed into 
the more comprehensive plan of industrial community with increasing 
realization of the fact that the future welfare of the arrested case 
depends upon the securing of work for which the patient is fitted and 
has been trained; that the labor of the artisan and mechanic must be 
subsidized to the end that his productive power shall be kept within 
his physical limitations. Opinion is being rapidly crystallized into a 
working program respecting this problem and is presented in tangible 
form in a recent study by Doctor H. A. Pattison, made under the 
direction of the Advisory Committee of the National Tuberculosis 
Association. 

What of the future? San Francisco is less fortunate than many of 
its sister cities throughout the nation in that it has an unawakened 
civic conscience. It has not been brought to recognize that tubercu- 
losis is a public responsibility and a public burden. The failure to 
bring about this recognition constitutes the greatest arraignment 
against the activities of organized effort in our city. 


22 GEORGE H. EVANS 


Has not the time come when in all communities many of the shib- 
boleths and texts which have guided our craft must be cast adrift and 
our course changed in accordance with the truths revealed by modern 
phthisiogenesis? Should not much of the obsolete literature which 
has been so prominent in our propaganda give way to an enlightened 
educational program which will spread the gospel of prevention of 
tuberculous disease rather than the danger of tuberculous infection? 
Can we go on consistently and intelligently making direct warfare on 
the tubercle bacillus while admitting the universality of tuberculous 
infection? 

When an enlightened public opinion fully recognizes that it is as 
important to teach their children how to preserve their lives as it is 
to prepare them for the duties of life; when the hysterical fear of infec- 
tion has been replaced by universal demand for cleaner, better and 
more wholesome living; when all the social agencies working for the 
betterment of mankind have correlated their activities and have recog- 
nized the truth that the tuberculosis problem is but a part of the public 
health program; then will the control of tuberculosis bid fair to become 
realized. 

These, I take it, are the problems for the antituberculosis workers of 
the future. 
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THE PREVENTION OF TUBERCULOSIS! 
WHAT WE SHOULD TEACH TO-DAY 


W. J. DOBBIE 
Toronto Free Hospital, Weston, Ontario 


The more recent investigations as to the methods by which tubercu- 
losis is transmitted from one person to another have demonstrated that 
certain newer measures are necessary for the prevention and eradication 
of this disease. Much that has previously been taught must, in the 
light of later research, and more widespread observation, be discarded. 
Prophylactic measures in vogue which do not harmonize with the 
more accurate knowledge of to-day must either be altered or abandoned. 

Heretofore, the chief concern has been to educate, supervise and 
control adult cases of tuberculosis. It can now be demonstrated that 
these are in a measure the least important part of the problem. In- 
fancy and childhood, previously practically neglected, constitute that 
part of the problem which should be our greatest concern. 

The subject will therefore be discussed as it relates (1) to infants 
under three years of age, (2) to children over three years of age, and 
(3) to adults. 


INFANCY 


Careful investigations lead us to believe (1) that a child at birth is 
free from tuberculosis, even if one or both parents should be tubercu- 
lous at either the time of its conception or at the time of its birth; (2) 
that the great majority of adults who have tuberculosis, did not con- 
tract it in adult life, but were infected at some time in early childhood; 
(3) that, as regards infection, in children under three years of age the 
proportion infected is small, not because these are less susceptible but 
because they are usually less exposed, but that at this age, however, 
infection more frequently results in disease, and disease in children 
under three years is more often fatal than in older children; and (4) 
that in children over three years the proportion of those infected gradu- 


1 Presented at the Annual Meeting of the Canadian Association for the Prevention of 
Tuberculosis, Ottawa, Canada, October 19, 1919. 
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ally increases until at fifteen years it reaches about 90 per cent. After 
three years of age the type of disease is less severe; the period of sick- 
ness is usually more prolonged but deaths are less frequent although the 
number of cases is greater. 

These observed facts clearly teach us that the logical method of attack 
on tuberculosis is to prevent disease, resulting from infection, in the 
young. The infant from the moment of birth until three years of age 
must be protected from infection by the tubercle bacillus. In the home 
in which there is a tuberculous parent drastic measures will be required. 
To compromise is but to invite disaster, with the assurance that the 
invitation will be accepted. 

A tuberculous mother must not be allowed to come in contact with her 
child during this period. It is not sufficient to say that the mother 
must not nurse the child. For while it is admitted that few infants 
that have been nursed by a tuberculous mother survive, the danger 
from contact is not greater in nursing than in many other acts. Wein- 
berg (1), in an investigation of 18,000 children, embracing 5000 fami- 
lies, found that the nearer the birth of the children to the time of the 
death of their tuberculous parents the higher the mortality among 
them. Fishberg (2) has shown that in New York City, among chil- 
dren of tuberculous parents, not only was the mortality in general 
excessive but that 16 per cent df the deaths among children under six 
years of age were due to tuberculous meningitis, as compared with only 
1.27 per cent among the general population of the city. The conclu- 
sions are self evident, namely, that if the mother is tuberculous the 
infant should be removed immediately after birth, and that contact 
between mother and child should be prohibited during the first three 
years of life. If the father is tuberculous he should not live in the house 
so long as there is in the house an infant under three years of age. This 
point needs further emphasis. It does not make any difference how 
well trained the tuberculous person is or how much care is exercised; 
he or she should not live in the same house with an infant. No care 
which even the most careful consumptive may take will, as a rule, 
prevent infection in an infant if there is contact. And infection in 
infancy is almost sure to be followed by disease and disease is too deadly, 
in the majority of cases, to justify any risk being taken. 

It is a matter of interest that our agriculturalists have long since 
recognized this fact, and have put it into practice to a very large extent. 
There is not an intelligent farmer who does not recognize that the 
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question as to whether or not the offspring of tuberculous animals 
become tuberculous depends entirely upon exposure after birth. With 
our domestic animals, where the value is recorded in dollars and cents 
only, we are willing to apply the knowledge we have and are securing 
self evident results. Are we to be less intelligent when we deal with 
the offspring of the human race? 

So much for the infant in the home where there is tuberculosis. 
But what of the home in which there is no tuberculous person? The 
same general principles apply. The infant must be protected from the 
tubercle bacillus. The infant should be kept from contact with 
strangers. These strangers or friends may or may not be safe. Why 
take the risk? It used to be said that “‘Children should be seen and 
not heard,” and, while this may still be true of older children, for in- 
fants it would be much better to reverse the advice and say that, in 
their own interest, “Children should be heard and not seen.” Nor 
must the danger from grandparents, uncles, aunts, nurses, and domestics 
be forgotten. Any of these may be the source of infection unless they 
are known to be absolutely healthy. 

The healthy parents should be impressed with the fact that infants 
under three years of age contract tuberculosis very easily, that a single 
exposure is frequently in itself sufficient, and that, on the other hand, 
by taking reasonable and ordinary care their children may be protected 
during this most susceptible period of life. 

It should be added that the danger from bovine tuberculosis is not 
to be forgotten. When cow’s milk must be used care should be taken 
to have it carefully selected and then pasteurized. 

There is really nothing in the programme outlined above that can- 
not be done by any family of reasonable means. In other cases it would 
be an economy for the state to spend sufficient money to give this 
degree of protection to the infant population. 


IN CHILDREN OVER THREE YEARS OF AGE 


After three years of age when the child begins to run about, the 
problem becomes entirely different. Obviously it is not longer pos- 
sible to secure the same degree of isolation as in the years of infancy. 
Nor is it desirable that this should be done. Now the child must be 
carefully introduced to the tubercle bacillus so that he may prepare 
his defense against it. As the child must soon go out into the world, 
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and there mingle with strangers of all kinds, it is obvious that he will 
at some time meet with the tubercle bacilli and become infected. We 
know that this will occur because we have evidence to the effect that 
at fifteen years of age about 80 or 90 per cent of children have been 
already infected. We know too that immunity is developed by re- 
peated small doses, and that disease is produced by massive doses of 
infection. What we should aim to do then is to protect the child from 
massive infections such as might be had from tuberculous persons liv- 
ing in the house. These children are not likely to receive massive doses 
from strangers. If these massive infections are prevented we need not 
fear the smaller and more casual infections, because, except in the 
case of infants, these casual and small infections are relatively harm- 
less. And as immunity is essential for the future welfare of the child 
it is quite desirable that it should be developed, and the period inter- 
vening between infancy and adolescence is the most opportune time at 
which to invite infection for this purpose. But while these small 
infections are being received and immunity developed it is most im- 
portant and desirable that conditions should be such that the fruit 
resulting from the infection will be immunity and not disease. There 
must be no defective nutrition resulting from underfeeding, over work, 
or intercurrent disease. Resistance must not be reduced but must be 
maintained to as high a degree as possible. 


IN ADULTS 


In adults the problem of preventing infection requires very little 
attention. The great majority of adults have already been infected 
before reaching adult life. What adults have to fear most is not fur- 
ther infection from without, but an extension of the infection which 
they already have, leading to the development of a group of symp- 
toms which we are pleased to call the disease tuberculosis. All adults * 
should of course avoid prolonged and intimate contact with the grossly 
careless tuberculous person; but there is little to be feared through 
ordinary contact. It has been said that “the careful consumptive is 
not a danger to anyone.” This might be modified to read ‘‘the con- 
sumptive is a grave menace to infants, less dangerous to children, and 
no danger at all to adults if reasonable care be exercised.” 

Tuberculosis in adults is either primary or secondary. If it re- 
sults from a primary infection it runs an acute course and is almost 
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invariably fatal. This is the type of disease seen in primitive peoples, 
who have not been exposed to infection during childhood. The usual 
form of disease, however, as we see it in adults, is of the secondary type. 
This as a rule results from infection in childhood and is the type that 
produces the greatest portion of the tuberculosis problem. To avoid 
this type of disease the adult should not be taught to avoid other adults 
who happen to have the disease but who are not careless, but he should 
be taught to build up his defenses against the germs already in him. 
. His resisting powers must be kept to a high degree of efficiency. Over- 
work, underfeeding, poor housing conditions, dissipation, and other 
disease are the things he should be taught to avoid; and rest, sleep, 
good food, fresh air, and moderate, temperate, healthful living are the 
things which he should be taught to seek. 

Were this view of the prophylaxis of tuberculosis generally appre- 
ciated there would be a considerable change in the usual program of 
antituberculosis societies and boards of health. At the present time a 
great deal of attention is being paid to the adult with tuberculosis in 
institutions, in homes, and in places of business. Once an adult is 
labeled tuberculous he is at once shunned by his fellow adults, and in 
many municipalities becomes a subject of much attention on the part 
of health boards and well meaning social workers. Usually much of 
their effort is misdirected and instead of making the adult consumptive 
safe for the community he is made an unhappy subject of aversion to 
such a degree that he may be driven to adopt various methods of con- 
cealing the fact that he has the disease in order that he may be free 
from annoying and misdirected supervision. He thus becomes a 
greater menace than he was before. As Fishberg (3) concisely says: 


It is therefore a vain effort to follow up tuberculous persons, push them 
from pillar to post, interfere with their employment, as has been done in 
many cases with a view of preventing infection of fellow workmen. 


Or as Baldwin (4) says: 


Adults are very little endangered by close contact with open tuberculosis, 
and not at all in ordinary association. . . . . It is time for a reaction 
against the extreme ideas of infection now prevailing. There has been too 
much read into the popular literature of health boards and lectures that has 
no sound basis in facts and it needs to be dropped out and revised. 
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Neither of these writers are disbelievers in the value of ali of our 
present methods of prophylaxis against tuberculosis in adults. Nor do 
I wish to be misunderstood. Much that has been done is of great value. 
Many of the regulations we now have are excellent and deserve only 
more complete enforcement. But in spite of this there is much misdi- 
rected effort and much wasted energy on the part of inexperienced and 
poorly informed workers. . 

Let me emphasize again. We should not be afraid of the tubercle 
bacillus. For ourselves as adults, as a rule we need fear no attack 
except from those that are now in our bodies. For the children, since 
we cannot permanently protect them from invasion, let us wisely choose 
- the time when the bacilli are first to be met. If this be done, the tu- 
bercle bacilli may be transformed from a menacing enemy into a pro- 
tecting friend. This is what should be taught to every adult, as com- 
prising the knowledge in accordance with which he should live and 
act as an individual. 

Collectively, however, there is also something to be done in helping 
those who are but feebly able to help themselves. 

There are but two real problems of importance, as I see it, aside from 
that of preventing the infection of children. These are (1) the best 
- method of giving assistance to those tuberculous persons who are anx- 
ious to do all they can to live so as‘not to be a source of danger to others; 
and (2) the best method of dealing with those tuberculous persons who 
are careless of the rights of others and who have no concern as to 
whether they are a danger to others or not. 

As to the first class, the greatest need usually existing is financial 
assistance. The only method, at present in use in Canada, by which 
a person with tuberculosis can obtain assistance is by entering a hospital 
or sanatorium. This method is open to but a comparatively small 
number. Let us get the situation clearly in mind. In the Province of 
Ontario there are perhaps 25,000 consumptives. These are not all indi- © 
gent. Some are self maintaining, and some are only partially indigent. 
Suppose they are equally divided, about 8000 in each class. What can 
we do for them? It is evident that they cannot all be sent to institu- 
tions, because there are not more than 2500 beds for consumptives in 
the whole province. Fortunately it is not thought best that all tuber- 
culous persons should be cared for in institutions. It is not desirable 
that they should be. You may reasonably ask what cases should be 
cared for in institutions. 
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There are three kinds of cases which should go to institutions: (1) 
Those who have no homes. These are the people living in boarding 
houses or rooming houses. (2) Those who have homes, but homes in 
which the conditions are so bad, from a social point of view, that one 
could not expect to have any success in enforcing any standard method 
of care. (3) All those who are palpably in need of education and who 
cannot be educated at home. For the sake of economy none of these 
should be sent to institutions in the haphazard way at present in vogue. 
A period of sanatorium treatment should be regarded as a serious under- 
taking, entailing expense to either the individual or the community and 
commensurate returns should be expected and sought. To this end 
those who should go to an institution at all should go for a definite 
period. 

Early cases should go on the understanding that they stay three 
months at least: advanced cases, six months at least, with no option 
of coming out at all for any but the most serious reasons during that 
period. At the end of the period each case might be considered by a 
Board of Physicians, one representing the institution, and one repre- 
senting that portion of the community which is supplying the funds for 
the maintenance of the patient, and one representing the patient. This 
Board should decide at the end of the stipulated period whether: the 
patient is to stay longer or whether he may be allowed to go home to 
live under conditions that may be prescribed. Utilized in this way the 
2500 beds available in Ontario would produce better results for the 
community than are secured by the methods at present in vogue. 

And what of the 22,000 who must be cared for at home? We have 
developed a highly specialized and technical method of examining cases 
of tuberculosis and it would be just as simple to establish and to put 
into effect a standard method of treating cases of tuberculosis in the 
homes. The only real difficulty is that many have not the means. 
They need financial assistance and it would be economy to provide assist- 
ance so that home life under proper conditions could be maintained. 
This financial problem is not logically, as it has heretofore been regarded, 
a purely local one. The Federal and Provincial Governments are in- 
terested ahd should unite with the local municipalities to provide a fund 
for this purpose. 

Now the last problem, that of the incorrigible consumptive, concerns 
the man (or the woman) who will not accept advice, who does not care 
whether he endangers the health, happiness or life of others or not, who 
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will not live under sanitary restrictions at home, and who refuses to 
be amenable to the rules and regulations of an institution. There is 
only one way to deal with such. They must be made to obey. They 
should not be allowed to remain a menace to the children in their own 
homes or to those of the neighborhood. Nor is it fair that they should 
be sent to institutions to disturb patients who are honestly endeavoring 
to help themselves by observing the necessary restrictions prescribed. 
These social and sanitary outlaws should be cared for in a tuberculosis 
department in a penal institution. I am satisfied that such a depart- 
ment would not need to be a large one. Let our hospitals and sanatoria 
be made as attractive as possible for voluntary patients, let assistance 
be given in the homes in suitable cases, let these advantages be offered 
alike to all who need them on condition that willing coéperation is forth- 
coming. But to those who will not codperate let there be no option but 
a prolonged period in a place of detention. Moral suasion would then 
become a strong force in the hands of the social worker. In this aspect 
of prevention private philanthropy, municipal, provincial and federal 
officers of health are all interested. But the work of all of these should 
be so directed and codrdinated that there may be no waste of effort in 
a campaign in which the attacking force is even under the best of cir- 
cumstances anything but adequate. May it not be possible for us to 
hope that with the establishment of a Federal Department of Health 
and the appointment of a capable and energetic Deputy Minister, some 
such direction may be given to a widespread offensive against tubercu- 
losis? 

To this end education of the public is urgently required, and it would 
seem indeed to fall within the sphere of such an organization as this, in 
our present active period of reconstruction, to press for an active edu- 
cational campaign along these lines: 

1. The absolute protection of infants. | 

2. The careful protection of young children from disease, while im- 
munity is being developed. 

3. A more rational attitude toward, and treatment of, the adult con- 
sumptive. 

4. The providing of maintenance assistance to needy consumptives, 
not only in institutions, but also at home, when prescribed living con- 
ditions are followed. 

5. The detention of the incorrigibles where they will be neither a 
danger to children, nor an annoyance to their fellow adults. 
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AN EXPERIMENT IN SANITARY EDUCATION 


H. R. M. LANDIS 
From the Henry Phipps Institute, Philadelphia 


The following brief account relates to a small experiment in sanitary 
education which was carried out by the Phipps Institute several years 
ago. It also has its place in pointing out one way toward the control 
of tuberculosis. 

The salutary effects of a police force are admitted by all. It takes 
no great stretch of the imagination to picture the probable result in 
any city from which such a force was entirely removed. It is scarcely 
to be doubted that there would almost instantly take place an enormous 
increase in all sorts of crimes, both minor and major. Organized society 
has always, from primitive times, held the right to exercise this authority. 
The protection of life through the exercise of police power is, therefore, 
a long established practice in so far as violence is concerned. 

The protection of life from dangerous diseases is relatively a modern 
innovation and is concerned, largely, with those affections capable of 
producing and spreading epidemics. Until comparatively recently very 
little has been done, however, in regard to the protection of people 
against conditions which gradually undermine the health and ultimately 
lead to some serious malady. More and more, however, the necessity 
of taking cognizance of certain unhygienic evils is becoming the subject 
of legislation. Among the notable advances in this direction have been 
the improvement of factories and other places of employment and the 
gradual improvement which is taking place in housing conditions. It 
is with the latter phase of the problem that this experiment deals. 

It is assumed by many that housing evils can be removed and slums 
abolished by the destruction or remodeling of unsuitable dwellings. It 
is taken for granted that people will live properly if you give them proper 
places to live in. This, however, is only partially true. Ignorance or 
the wilful disregard of hygienic laws is not overcome by the providing 
of so called ‘‘model houses.” For instance, in a study of housing and 
living habits made by the Phipps Institute, it was found that in many 
cases the house was beyond reproach but that the hygienic habits of 
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the tenant were indescribably bad; and, conversely, houses were found 
which contained nearly every undesirable quality and yet the living 
habits of the people were beyond reproach. There are therefore two 
sides to this question which is to be partially solved by legislative enact- 
ments that aim to provide suitable living places, and partially by edu- 
cation which will inculcate into people the necessity of observing hy- 
gienic laws. And even education is not entirely sufficient for the cor- 
rection of the second evil. There must be in addition the exercise of 
police authority, not arbitrarily used but with discretionary powers to 
enforce the law when instruction and persuasion have proved unavailing. 
This is particularly true of our foreign population. A very large pro- 
portion of these people is densely ignorant of hygiene, and even when 
provided with modern conveniences, they have no adequate idea as to 
their proper uses. 

Having in mind the difficulties as outlined above, the Phipps Institute 
leased, in 1913, a small group of houses, selecting for this purpose a type 
of property which is looked upon as the worst in the city. In Phila- 
delphia there have been built, in times past, what are known as ‘‘court”’ 
houses. As a rule, they have been erected in the rear of houses which 
formerly had large back yards. They are usually reached by a narrow 
passage-way and may consist of one row of houses facing a narrow space; 
or both sides may be built up with a narrow space between them. In 
many instances these “courts” are undesirable to the last degree; in 
others, they are susceptible of such improvement as to warrant their 
use. 

Feeling that many of these places present a bad appearance, as much 
by reason of the utter disregard of the tenant to hygienic laws as any- 
thing else, we selected a “court” consisting of five houses, in a congested 
portion of the city. 

Figure 1 shows very well the appearance of this “court” when we 
took it over. Dividing the space in front of the houses was a series of 
high board fences alloting to each its small yard. These yards had served 
as the dumping ground for the respective tenants and in several of them 
garbage and other refuse had accumulated to a depth of four or five 
feet. There was one hydrant for the five houses and no running water 
in the houses. A large privy vault in one corner served for all the 
families; and, when this was emptied prior to its destruction, several 
hundred barrels of material were removed. It probably had not been 
cleaned for years. Through the generosity of Mr. Henry Phipps and 
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several others, a thousand dollars were obtained to make the necessary 
improvements. The fences were removed and the entire yard thor- 
oughly cleaned. An additional hydrant was installed and running water 
placed in the first floor of each house. Gas lights were provided for in 
the first and second floors. At the time of our taking .the houses over 
it was found impossible to open a single window. ‘This defect was rem- 
edied so that free ventilation was provided for. The privy vault was 


Fic. 1. Tae Court AT THE TIME THE EXPERIMENT WAS BEGUN 


abolished and a water closet was installed for each family. The houses 
themselves were cleaned and repapered. Window boxes were placed 
before the windows of the first floor of each house and flowers were 
planted along the wall opposite the houses. It was predicted by many 
that this innovation would meet with failure as the children would most 
certainly destroy the flowers and plants: but, on the contrary, the chil- 
‘dren, even more than the adults, took great pride in the flowers and 
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tended them faithfully. A sand company donated a load of sand each 
spring to furnish a small playground for the children. In this con- 
nection it may be stated that at one time the houses contained no less 
than fifteen children under ten years of age. In spite of the fact that 
there was nothing to prevent them, in common with the other children 
of the neighborhood, from seeking their amusements in the street out- 
side the court, they rarely left it. 


Fic. 2. Tat SAME CouRT AFTER RENOVATION 


Figure 2 shows the “court” in its renovated state. Granting that 
the picture taken in its original condition was at a different season of 
the year it must be admitted that the improvement, in attractiveness 
and cleanliness was noteworthy. So much for the physical side of the 
problem. 

The tenants installed in these houses were families who had attended 
the dispensary of the Institute and were all foreign born. A nurse was 
put in charge of the educational work. The people, in spite of the im- 
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proved living conditions in which they found themselves, displayed at 
the very outset of their occupancy the traits which characterized their 
former living habits. Garbage and refuse were as often as not thrown 
out of the front door instead of being deposited in the garbage can 
placed behind a latticed screen in one corner of the yard. Various other 
degrees of slovenliness were exhibited in the housekeeping habits of the 
women. The water closets were quite constantly badly kept and the 
seats soiled. In the beginning considerable trouble was experienced; 
partly, by reason of the habits of the people, and partly, because of 
incompatibility. As the families were brought into closer intimacy with 
each other, it seemed almost impossible to reconcile their various dif- 
ferences. One woman, for example, had such a shrewish nature that 
she constantly quarreled with everyone. In another instance the morals 
of one of the tenants did not seem to be what they should have been. 
Gradually, however, these undesirables were weeded out and others sub- 
stituted for them. Originally all of the families were Russian Jews. A 
distinct change for the better occurred when two Italian families were 
installed. 

The nurse made a daily visit, inspected everything about the prem- 
ises, and explained the necessity of cleanliness both inside and outside 
the house. If after a fair trial the individual persisted in breaking the 
rules he was threatened with eviction if the offence recurred. It is 
but natural to expect that the receptiveness of the people varied: some 
grasped the situation very quickly; others responded much less readily. 
Daily visits, taking about an hour each, were required for about four 
months. The nurse then went to the “‘court” two or three times a week 
and finally but once a week. After the crucial period of education had 
passed but few infractions of the rules occurred. 

In regard to the cost of the improvements it was amply demonstrated 
that the rent could be advanced to a rate commensurate with this out- . 
lay and without objection on the part of prospective tenants. The most 
interesting part of the experiment and the reason which primarily led 
us to undertake it were (1) the fact that, left to themselves, people are 
not likely to improve their habits even if given conditions superior to 
those to which they have been accustomed; and (2) the fact that rela- 
tively little instruction and supervision are needed to correct these 
bad habits. The experiment was carried on for three years. We had 
the feeling that after the lapse of but a short time conditions would 
revert to their former state when our supervision ceased. To our sur- 
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prise this has occurred to a much slighter degree than was expected 
and even then has manifested itself largely in the absence of the aesthetic 
effect rather than a reversion to faulty hygiene (see fig. 3). This has 
been due to the fact that the families who occupied the houses under 
our regime continued afterwards. 

It must be admitted that this experiment was a small one. On the 
other hand, it should not be a difficult matter to enlarge its scope. The 


Fic. 3. THe Court SEVERAL YEARS AFTER SUPERVISION HAD CEASED 


amount of time given by the nurse was trivial, even in the beginning. 
Furthermore, once the preliminary stage of education has passed, the 
number of people who could be supervised by one nurse would be very 
considerable. It follows, as a matter of course, that the amount of 
supervision needed would vary greatly in different parts of the city. In 
some districts relatively little would be needed; in others, where the 
population is congested and made up of the poorer and ignorant elements, 
the supervision would have to be more intensive. 
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The difficult problem is to determine how this supervision should be 
carried out. Should it be by the municipal government alone or by the 
different private agencies now at work? In addition, how should the 
laws be enforced? ‘There can be but little doubt, I think, that in all 
matters relating to the public health, the Municipal Board of Health 
should be the directing force. This is obvious (1) because of the ex- 
pense and (2) because of the need of adequate authority to enforce the 
laws. There is no reason, however, why the personnel of existing 
agencies should not be utilized. 

It goes without saying that politics must of necessity be eliminated and 
that it should be made impossible for any one to invoke “influence” to 
escape his misdeeds. This phase of the subject has been commented on 
so frequently in regard to all public health matters that it need not be 
enlarged upon. 

The essential factor, to my mind, is that the dominant feature should 
be the educational side. The enforcing of penalties is, of course, in- 
evitable in a certain proportion of cases but it should be the aim of the 
workers to exact these as seldom as possible. Certainly an arbitrary 
power has no place in such work. It is to be borne in mind that all 
reforms are brought about gradually and that success in work of this 
kind requires tact, patience, and the enforcing of penalties only when 
absolutely needed. ‘ 
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THE TUBERCULOSIS CLINICS OF NEW YORK CITY! 


The method pursued in the study of tuberculosis clinics, like that of 
the venereal disease clinics has been somewhat more intensive than in 
the study of the other branches of the dispensary. 

The medical histories of the tuberculosis clinics, being superior to 
those of other departments in fulness of statement, have lent them- 
selves to the preparation of a considerable number of statistical analyses. 

In the preparation of these analyses the material available in the 
annual reports of the Association of Tuberculosis Clinics has been util- 
ized in addition to the detailed information obtained from 200 indivi- 
dual case records. Twenty records were obtained from each of the ten 
clinics of the city outside of those operated by the Department of 
Health. The basis for the selection of the 200 records was as follows: 
in each instance 10 cases were selected originating several years prior 
to the war, 5 were taken from the 1917 files, and 5 cases which closed 
in 1918 irrespective of when they first became known to the clinic. 

The selection of cases was made with the purpose of arranging the 
information gleaned into two or three series which would contribute to 
the gauging of the effectiveness of the existing administrative procedure 
and organization and the ultimate results of clinic supervision, and 
which would bring out the differences, if any, in procedure in the, war 
period as compared with the preceding years. 

Of the 200 cases thus selected, 77 have been under care for less than 
two years, 50 from. two to three years and 73 for more than three years 
(table 2). 

When interpreting the findings it must be borne in mind that in view 
of the small number of cases on which the study is based they are not 
more than indicative of certain tendencies of tuberculosis clinic work. 
The whole study is merely suggestive and affords more of a groundwork 
for a thoroughgoing analysis than a basis for any sweeping deductions. 
Furthermore, being limited to a group of selected cases which have 
been under continued care and have codperated with the clinic, the 


1 This constitutes a part of a Report on the Study of Dispensaries in New York City, by the 
Public Health Committee of the New York Academy of Medicine. 
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picture presented by the figures does not represent the work of the 
clinic with the average run of patients.‘ That type of work is better 
illustrated by the figures obtained from the annual reports of the Asso- 
ciation of Tuberculosis Clinics, where account is taken of all cases which 
present themselves at the tuberculosis clinics of this city. 

While the tuberculosis study, as the other medical studies in this re- 
port, is based chiefly on the records, an account has also been taken of 
the organization of the clinics, the hours at which they are opened, the 
number of clinics held weekly, the laboratory facilities, the nursing per- 
sonnel, the use of educational literature and the problems of the medical 
social workers in connection with the tuberculosis cases. 


1. stupy oF 200 INDIVIDUAL RECORDS 


1. Nationality, age, and sex of patients. Of the 200 cases under 
survey, 7 were children under sixteen, and 43 persons over forty-five 
years of age. The great bulk of the patients was between the ages of 
sixteen and forty-five. Eighty-two of the total number of adults were 
males and 111 were females. The national or racial groupings were as 
follows: native born, 62; Italians, 27; Hebrews, 56; Irish, 26; Slavs, 6; 
Germans, 4; negroes, 3; and miscellaneous, 16. The largest numbers of 
the native born patients were found in Vanderbilt Clinic, St. Luke’s, 
Lenox Hill and New York Hospital: 44.5 per cent of the Italians were 
in the New York Dispensary and 22.2 per cent at Bellevue. Over one- 
third of the Hebrew patients were at Mt. Sinai and another third at 
Gouverneur. (Distribution of the patients by age, sex and nationality 
among ten institutions is given in tables 1A and 1B.) 

The character of occupation was stated in all but the seven cases of 
minors; and of the 193 adults, 74 were housewives or domestics, 19 fac- 
tory operators, 12 janitors or cleaners, 8 students, 6 each laborers, cigar- 
makers, elevator operators and clerks, 5 laundresses, 4 each dress- 
makers, tailors and peddlers. The rest were scattered among various 
occupations. 

The statistics of the economic status of these patients was not indi- 
cated accurately enough from the records to allow of an adequate tab- 
ular presentation. 

2. Source of reference. Forty-one cases came to the tuberculosis 
clinics referred by the agents of the Department of Health. This figure 
includes cases referred from the Department of Health Tuberculosis 
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Clinics. Private physicians referred 40 cases; 36 cases came from other 
departments in the dispensaries; and 18 were sent by the Relief Socie- 
ties, of which 12 were referred by the Association for the Improvement 
of the Condition of the Poor; 17 were transfer cases from other tuber- 
culosis clinics; and the rest came in through the efforts of the clinic 
nurse or at own initiative. For 12 cases no information is given as to 
source of reference. 

An attempt was made to ascertain the duration of illness prior to 
the patient’s first visit to the tuberculosis clinic for treatment but the 
information recorded was of so indefinite a nature that it was impossible 
to make a satisfactory classification with regard to this point. 

3. Medical histories. According to the records of the 200 cases, 98 
per cent of.the patients received a chest examination and in 99 per cent 
of the cases weight, respiration, pulse and temperature were taken. In 
addition, the records indicate (table 5) that abdominal examinations 
were made in over 8 per cent of the cases, teeth were examined in 15 
per cent and in only 6 per cent of the cases were throat examinations 
made. Blood pressure was recorded as having been taken in over 7 per 
cent of the cases, laboratory tests were recorded in 98 per cent of the 
cases, sputum examinations were made in over 92 per cent of the cases, 
X-ray investigation in 34 per cent, fluoroscopic examination in 2.5 per 
cent, urinalysis in 40 per cent, and the Wassermann test in 11 per cent. 
The medical records also contain a great deal of detailed information 
about the patients as can be seen from table 3. The habits of the pa- 
tients as to bowels, sleep, appetite, etc., were recorded in 96.5 per cent 
of the cases, and as to alcohol, tea, coffee and tobacco in 70 per cent; 
family history in 91 per cent, personal history in 79 per cent, home con- 
dition in 77 per cent, occupation in 96 per cent, medication was indi- 
cated on 94 per cent of the records and re-visits noted in every instance. 
A social service history was recorded in 86 per cent of the cases and home 
visits made in 81 per cent. The progress of the patients was indicated 
in 71 per cent of the records. 

4, Attendance of patients. The attendance of patients in the several 
institutions has been tabulated by the length of time the patient was 
registered at the clinic. In only two institutions did we find patients 
who had made less than five visits; and, in both instances, the patients 
were in a group of cases registered at the clinic between one and two 
years. Fifteen different patients registered in eight clinics had each 
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made more than one hundred visits. Thirteen of these were in a group 
registered from three to four years or longer. 

For the 77 cases who have been attending the clinic between one and 
two years the median number of visits was 16, the median number of 
visits made by the 50 patients who are coming to the dispensary be- 
tween two and three years was 30, and 48 visits was the median number 
for the group of 73 patients who are connected with the clinic for over 
three years (table 2). 

Bellevue, Harlem Hospital and New York sence are the three 
institutions where frequency in attendance of patients is above the gen- 
eral median in each of the three groups. Lenox Hill, Gouverneur, New 
York Hospital and the Presbyterian come above the respective medians 
in two groups and below in one of the groups, while the remaining insti- 
tutions show a higher attendance distribution in one group and lower 
than the general median in two groups. 

In order to determine if there might be a correlation between attend- 
ance and frequency of physical examinations or of sputum analyses, the 
available information has been tabulated, and it can readily be seen that 
no such correlation exists. Although at the New York Dispensary, for 


example, a physical examination is given on the average of every elev- 
enth visit and the sputum examined on the average of every nineteenth 
visit, the attendance, on the basis of this limited study, is greater than 
at St. Luke’s where the patient receives a physical examination on 
every third visit and his sputum is examined on the average of every 


fifth visit. 


PHYSICAL EXAMI- SPUTUM EXAMINA- 
NATION MADE ON TION MADE ON 
INSTITUTION ACCORDING TO AVERAGE ATTENDANCE OF PATIENTS THE AVERAGE OF THE AVERAGE OF 
EVERY EVERY 


3rd visit 11th visit 
7th visit 9th visit 
11th visit 19th visit 


14th visit 19th visit 
New York Hospital 9th visit 11th visit 
Gouverneur 3rd visit 6th visit 
4th visit 7th visit 
Third group: 

Vanderbilt 5th visit 11th visit 
3rd visit 5th visit 
5th visit 7th visit 
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When the average attendance of patients by clinics is studied on the 
basis of annual figures, the order is quite different from what it is in the 
above table. Gouverneur and St. Luke’s are at the head ‘of the list. 
In view of the fact, however, that no adequate figures are available 
for the number of physical examinations and laboratory tests made 
during a year at each of the tuberculosis clinics, averages for these 
procedures cannot be figured and the existence or lack of correlation 
established. 

In another part of the report the direct relation between nurses’ 
visits to the homes of the patients and clinic attendance is clearly dis- 
cernible. 

5. Reasons for terminating cases. Of the 200 cases, 61 were termin- 
ated at the time the records were copied and 129 were still open. An 
analysis was made of the reasons for closing cases. Non-attendance 
was given as the reason for the termination of 9 of them; death of 4; 
sanatorium care for 4; hospital care for 3; removal from the district 
for 10. In 28 instances the case was “arrested” and in 3 instances the 
patient returned to the care of private physicians. 

6. Distribution of patients to sanatoria and hospitals. Of the 200 cases 
84 had no change of environment and for the remaining 116 such change 


had been procured. The following are the hospital or other oppor- 
tunities taken advantage of by the patients. 


New York State Sanatorium 

Day Camps 

Home Hospital 

Montefiore Home 

Country Place 

Unspecified 

Some of the patients are listed under more than one heading, having 

gone to more than one institution during the period under ‘supervision. 
The different clinics make use of the existing opportunities in varying 
degrees. Some direct larger proportions of their patients to certain 
institutions than others. The clinics vary also as to efficiency in ar- 
ranging the needed change of environment. Gouverneur had 15 of its 
20 patients placed; Bellevue and Mt. Sinai 14 each; St. Luke’s and 
Vanderbilt 13 each; Presbyterian and the New York Dispensary 10 each; 
Harlem, New York Hospital and Lenox Hill 9 each; for its fifteen pa- 
tients Gouverneur arranged 29 accommodations, that is, almost every 
patient received two opportunities for change of environment. The 
same applies to Bellevue and Mt. Sinai (table 4). 


q 
i 


44 TUBERCULOSIS CLINICS 


In order to throw additional light on the efficiency of the clinic, a 
study was made of the time elapsing between the advice given by the 
doctor as to the need for a change in environment and the departure 
of the patient. In only a limited number of institutions was it feasible 
to obtain the information, as on many of the records the date of the 
doctor’s advice is not given, and moreover, the delay is frequently not 
the fault of the social service workers, because of the difficulties that 
are sometimes encountered in getting a patient into an institution 
(that is, refusal of institutional treatment by the patient or refusal of 
the patient by the institution). All the patients referred to hospitals, 
however, were placed there within two weeks; the delay with reference 
to sanatoria is much more marked. Of the 35 placed in sanatoria, 
for which definite information is obtainable, only 3 succeeded in 
getting. away within two weeks, 12 between two weeks and a month, 
15 between one and two months and 5 between two and four months. 
For the 31 cases which went to day camps all the preliminaries were 
arranged in two weeks. 

7. Supervision. The work of the tuberculosis clinic in the prevention 
of disease can be judged by the proportion of the total number of per- 
sons belonging to the patients’ families, who are induced to come to the 
clinic for a physical examination. Accordingly an attempt was made 
to elicit this information. In pursuing the analysis of the available 
material we found that of the possible number in the families, which 
might have been examined, Presbyterian recorded an examination of 
51 per cent; Bellevue 47 per cent; St. Luke’s 42 per cent; New York 
Dispensary 34 per cent; New York Hospital 33 per cent; Mt. Sinai 30 
per cent, and Gouverneur and Harlem each 26 per cent. This infor- 
mation was not ascertained for Lenox Hill; and Vanderbilt’s social ser- 
vice records were so incomplete that it was impossible to obtain the 
figures. In all, 246 persons in addition to the patients in the 200 
families studied were recorded as having had a physical examination 
at the clinics with a view of discovering incipient tuberculosis or other 
preventable disease. 

Of the members of the families examined (mostly children) the follow- 
ing proportions were sent to day camps, preventoria or for country 
vacations: 

At the Presbyterian 22 per cent; New York Hospital 21 per cent; 
Bellevue 19 per cent; St. Luke’s 17 per cent; Gouverneur 14 per cent; 
Mt. Sinai 11 per cent; New York Dispensary 6 per cent; and none at 
Harlem so far as the records indicate. 
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&. Relief. In the group of the 200 patients studied it was necessary 
to obtain relief in some form or another for 90 cases. In 24 instances 
the relief consisted of extra diet; in 12 instances it was clothing that 
was needed; and in 7 instances a money allowance was given. In 66 
cases the family was referred to relief societies from which various 
forms of relief were obtained. The largest: number of relief cases was 
recorded in the Presbyterian clinic where 18 cases were afforded relief 
in some way. Fifteen cases of dependents were recorded at Bellevue; 
11 at St. Luke’s; 8 each at Gouverneur, New York Dispensary, Vander- 
bilt, New York Hospital and Lenox Hill; 5 at Mt. Sinai; and 1 at Har- 
lem. Extra diet was given to 6 cases each by St. Luke’s and New 
York Hospital; 4 by Bellevue; 3: each by Mt. Sinai and Presbyterian; 
and 1 each by Gouverneur and Vanderbilt. 


2. FACILITIES AND PROCEDURES 


The following is a brief description of the administrative machinery 
and procedure obtaining in the tuberculosis clinics which have a bearing 
on the results discussed in the preceding part of the report. 

1. Clinic hours. Of the ten clinics included in the study, four (Gouv- 
erneur, Harlem, Bellevue and Presbyterian) are open daily. Lenox 
Hill, New York Dispensary and New York Hospital are open four and 
Vanderbilt, St. Luke’s and Mt. Sinai three days a week. All of the ten 
clinics have special sessions for children. Four of them (Harlem, New 
York Hospital, Bellevue and Presbyterian) have night clinics, the three 
former having one session per week, while the Presbyterian has two. 
The need for evening clinics was emphasized at each of these hospitals, 
as the patients who attend in the evening are usually “‘arrested” cases 
and are at work during the day. Bellevue has had an evening clinic for 
more than seven years. The average attendance is about ten patients, 
although there has been a drop in attendance during the war. Harlem’s 
evening clinic has been in operation for four years and averages about 
18 patients per session. There it is regarded as of equal importance 
with the day clinic. The Presbyterian finds it necessary to run two 
evening sessions, averaging about 12 patients at each session. The 
New York Hospital has a smaller clinic with a steady clientele. Many 
of the patients here have been under supervision in the evening clinics 
for years while continuing to work. 
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2. Nursing service. The number of nurses employed by the different 
clinics varies from one each at New York Hospital and New York Dis- 
pensary to 6 at Bellevue. Mt. Sinai employs 4 nurses, Harlem usually 
4, although only 3 were employed during the period covered by this 
study, and Lenox Hill, St. Luke’s and Gouverneur each 2. Presby- 
terian has 1 regular clinic nurse and also a pupil nurse who gives one- 
fourth of her time to the clinic. Vanderbilt employs three clinic nurses 
and the social service supervisor devotes part of her time to the de- 
partment. At Bellevue 1 nurse acts as supervisor, while 1 is in charge 
of the ward work and transfer of cases. During and after the time the 
study was made, there occurred a certain amount of shifting of nurses 
at several of the hospitals because of the return of nurses from war 
work, etc. 

By making use of the figures of the Association of Tuberculosis Clinics 
Reports for the first half of the year 1919, we are able to compare the 
number of cases under treatment at each clinic with the number of 
nurses employed and so estimate the average number of patients under 
each nurse’s care. We are thus also able to ascertain the average 
number of nurse’s visits to the patient. 


AVERAGE AVERAGE 
NUMBER OF | NUMBER OF NUMBER OF 
PATIENTS |PATIENTS PER) yisrtg |NURSES: HOME 
UNDER TREAT-| NURSE DUR- | |_ VISITS PER 
MENT ING FIRST or 1919 
HALF OF 1919 


INSTITUTION 


PATIENT FIRST 
HALF OF 1919 


317 158 2110 
695 2462 
1759 1573 
611 1163 
620 1223 
1461 891 
1302 2573 
446 759 
764 834 
1180 1381 


St. Luke’s 
Vanderbilt 


New York Hospital 
New York Dispensary 
Presbyterian 


DOD CA W DO 


See Oe OW A 
Nes 


The average number of patients per nurse does not of course indi- 
cate the number of patients under a nurse’s care at any one time but 
is simply a computed average of the number of cases with which she 
came in contact in the first six months of 1919. According to these 
figures the nurses at the Presbyterian and New York Dispensary have 
a very much larger number of cases to care for than the nurses at the 
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other hospitals. It must be borne in mind, however, that the organi- 
zation in different hospitals affects this figure. In hospitals employing 
several nurses 1 must devote part of her time to supervising the activi- 
ties of the rest, and in many of the dispensaries nurses have special duties, 
for example the ward work at Bellevue, which makes it impossible to 
devote time to visiting. 

It will be seen from the figures above that the average number of 
nurses’ home visits per patient does not correspond in every case with 
the average number of patients under care by each nurse. Although 
St. Luke’s and Vanderbilt with the lowest number of patients to handle 
record a correspondingly high number of nurses’ visits to the homes, 
Presbyterian and New York Dispensary with the highest number of 
patients per nurse average a larger number of nurses’ home visits than 
Bellevue or Mt. Sinai, which have a much smaller number of patients 
per nurse. One reason for this, as indicated before, is the organization 
of service. At both Bellevue and Mt. Sinai, the time of 1 nurse is 
given to supervision, while at New York Dispensary as only 1 nurse is 
employed, no time is taken for this purpose. 

There is also a difference between the different hospitals in their 
procedure of recording visits, some recording only visits where the 
patients are seen, and others recording even telephone calls. . The 
amount of clerical work done by the nurses also affects the number of 
visits possible; for example, Vanderbilt has a high average number of 
visits, but keeps rather inferior social service records. The use of volun- 
teers at the different clinics who assist in clerical work will also be 
reflected in the amount of visiting done by the nurses. Presbyterian, 
St. Luke’s and Lenox Hill have regular volunteers at their clinics and 
New York Hospital has a volunteer who helps at times. 

3. The follow-up and supervision of homes. All the clinics profess 
practically the same standards with regard to following-up patients and 
supervising their homes although in actual operation their procedure 
varies according to the pressure of work to be done. Usually every 
new patient is visited in his home within a month of his registration at 
the clinics. This visit is for the purpose of studying the home con- 
ditions and giving instruction to the patient and his family and is 
repeated from time to time as the need of the case justifies. Patients 
who do not return to the clinic regularly are visited at their homes to 
ascertain the reason for non-attendance. 
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Records which correspond to social histories are kept in most cases 
and these records are usually filed with the patient’s medical history, 
and are thus available to the doctor at all times. 

In the 200 cases covered in our survey the social history was lacking 
in 10 cases from Vanderbilt, 7 each from New York Hospital and Mt. 
Sinai, 3 from New York Dispensary and 1 from Lenox Hill. The record 
of every other case studied contained a social service history. 

As this part of the nurse’s work combines social service with public 
health nursing, in many instances the nurse in the tuberculosis clinic is 
considered a social service worker and is under the direction of the 
social service department, although in addition to her social and public 
health work she is called upon to perform many nursing duties at the 
clinic sessions, such as weighing patients, taking pulse and temperature 
and collecting laboratory samples. 

4. Laboratory facilities. Only one hospital, the Presbyterian, does all 
its own laboratory work, including sputum analysis. Gouverneur does 
its own urinalysis, sending the rest of the work to the laboratory of the 
Department of Health, while the Department of Health is called upon 
to do all the laboratory work for the Harlem Hospital. The other 
hospitals do locally all the laboratory work except the examination of 
sputum, which is done by the Department of Health. 

In this connection it might be interesting to present the extent to 
which laboratory facilities were used in connection with the 200 cases 
under study (table 5). Examination of sputum was recorded for 20, 
or 100 per cent of the cases at Gouverneur, Harlem and New York Dis- 
pensary; for 19, or 95 per cent of the patients at St. Luke’s, Mount 
Sinai, Presbyterian and Bellevue; for 18, or 90 per cent of those at 
Lenox Hill; for 17, or 85 per cent of those at New York Hospital; and for 
14, or 70 per cent of those from Vanderbilt. The records show that a 
urinalysis was made in 16 or 80 per cent of the cases at Gouverneur and 
Presbyterian; in 13 or 65 per cent of the cases at Lenox Hill; 10 or 50° 
per cent at Vanderbilt; in 7 or 35 per cent at New York Hospital and 
Mt. Sinai; 5 or 20 per cent at Bellevue; 3 or 15 per cent at New York 
Dispensary; and 1 or 5 per cent at Harlem. The number of Wasser- 
manns recorded among the 20 cases from each hospital were as follows: 
Presbyterian, 6; St. Luke’s, 4; Vanderbilt, New York Hospital, Mt. 
Sinai, Lenox Hill, Gouverneur and Bellevue, each 2. There was no 
record of a Wassermann in the 20 cases studied at Harlem nor at New 
York Dispensary. 
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An X-ray examination was recorded for 17 or 85 per cent of the 
cases at Mt. Sinai; for 10 or 50 per cent at Gouverneur; for 9 or 45 per 
cent at New York Hospital and Presbyterian; for 8 or 40 per cent at 
St. Luke’s; for 4 or 20 per cent at Harlem, Lenox Hill and Bellevue; and 
3 or 15 per cent at Vanderbilt. No record was found of an X-ray ex- 
amination in the 20 cases studied at New York Dispensary. Lenox 
Hill recorded 4 fluoroscopic examinations and New York Hospital 1. 

5. Instructions to patients. ‘The clinics were found to be fairly uni- 
form as to the kind of personal instruction given to the patient. Em- 
phasis is laid upon hygienic habits of living, and especially upon care of 
the sputum. This instruction is given both by the doctors in the clinic 
and the nurses in the home. The time given to this very important 
clinic activity depends largely upon the interest of the individual worker, 
and the pressure of work to be done. 

6. Educational literature. At the time our worker visited the clinics 
only 7 were found to be distributing educational literature to the pa- 
tients. At Vanderbilt, New York Hospital and Mt. Sinai, no litera- 
ture was being given out. In the hospitals where literature was used 
the Department of Health material was distributed by all except Lenox 
Hill which prepared its own educational pamphlets. 

7. Relief giving. All clinics, except New York Dispensary, Harlem 
and Lenox Hill, have special funds from which relief can be given. In 
most instances this fund is used largely for extra diet. In each of 
the dispensaries where no fund was available, the worker expressed a 
desire for such a fund. 


3. THE DEVELOPMENT OF TUBERCULOSIS CLINIC WORK 


The campaign against tuberculosis, which was the starting point of 
the modern public health movement, was responsible for the establish- 
ment of the tuberculosis clinic. In the City of New York the organi- 
zation of the Association of Tuberculosis Clinics stimulated better and 
more uniform clinic organization. A study of the figures published in 
the annual reports of the Association throws interesting light on the 
growth and development of the tuberculosis clinics. 

1. Volume of work. The table given below illustrates the increasing 
volume of work of the tuberculosis clinics since 1909. The number of 
patients treated more than doubled from the year 1909 to 1915 and 
since then there has been relatively little change, although during the 
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year 1918 there was a decrease of over 2,000 cases in comparison with 
the preceding year. 


YEAR 


NUMBER OF CASES TREATED 


NUMBER OF VISITS TO 
CLINICS 


AVERAGE NUMBER OF 
VISITS PER CASE 


1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 


21,811 
30,399 
32,058 
29,705 
38,815 
39,418 
45,862 
45,507 
46,266 
44,248 


117,718 
117,490 
170,467 
159,241 
185,487 
166,769 
152,773 
138,085 


While the number of cases treated annually since 1915 remained prac- 
tically the same, the number of visits made to-the clinics decreased 
rapidly. There were probably several causes responsible for this de- 
creased attendance but one chief reason was no doubt the falling off 
in the average number of nurses’ visits to the homes of the patients. 

2. Relation of attendance of patients to nurses’ home visits. Neither 


the Department of Health nor the private clinics has always supplied 
the necessary number of nurses_to enable them to do as much visiting 
as was necessary in the interests of proper home supervision and of 
maintaining the patient’s attendance. 


YEAR 


TOTAL NUMBER OF NURSES’ 
HOME VISITS 


AVERAGE NUMBER OF 
HOME VISITS PER NURSE 


AVERAGE ATTENDANCE OF 
PATIENTS AT CLINIC 


1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 


41,870 
56,704 
63,030 
105,002 
113,711 
98,221 
101,424 
83,599 
81,788 
61,296 


=) 


COMO 


The average number of nurses’ visits to patients reached its highest 
point of 3.5 in 1912 and since that time it has been constantly declining, 
as has the average attendance of patients at the clinics. The highest 
attendance was recorded in 1913 following and during the year of the 
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greatest per capita number of home visits by nurses. There seems to 
be a very evident and direct relationship between the clinic attendance 
and the visiting of patients by nurses. As through the nurses’ home 
visits two important things are accomplished, namely, the supervision 
of the home environment of the patient and his family and the increased 
amount of medical attention through better clinic attendance of patient, 
ampler nursing facilities at the clinics are strongly indicated. 

3. Treatment of children. Early in the history of the Association of 
Tuberculosis Clinics especial emphasis was laid upon the supervision of 
children in the families of tuberculous individuals, and the clinics were 
urged to hold special sessions for children. At the present time most of 
the tuberculosis clinics have such special sessions for children and the 
results of this effort in the direction of preventive medicine are illustrated 
by the appended graphic chart. 

In 1909 children constituted only 8.1 per cent of all the patients under 
clinic supervision. It was impossible to obtain the figures from which 
to compile the proportions in 1910 and 1911, but for the years 1912 to 
1917 the percentages of children were as follows: 24.6, 25.3, 30, 34.9, 38 
and 40, the year 1917 showing nearly 5 times as great a proportion of 
children under clinic supervision as in 1909. There was a slight diminu- 
tion of this figure to 39.5 per cent in 1918. (See chart 1.) 

4. Proportion of cases discharged to institutions. The increasing pro- 
portion of the so called ‘‘discontinued’’ tuberculosis clinic patients who 
are placed in institutions for treatment for the years 1909 to 1918 is a 
gratifying phenomenon. 


TOTAL DISCON- TOTAL NUMBER TO 
1909 9818 1737 17.6 
1910 13564 2103 15.1 
1911 14779 2213 14.2 
1912 13024 2449 18.1 
1913 15213 3848 22.6 
1914 15940 3698 23.1 
1915 16485 3823 23.1 
1916 16711 3722 22.1 
1917 16150 3654 22.1 
1918 14332 3049 21.1 


This phenomenon may reflect either the increased efficiency of the 
clinics in their placing of cases or it may be due to the increased ca- 
pacity of institutions, or to both of the factors in combination. The 
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increase in 1913 and 1914 coincides with the opening of the Sea View 
Hospital and St. Anthony’s in these years, and the decrease in 1918 is 
probably due to the disorganization during the war. 

5. The proportion of cases found non-tuberculous. ‘The increasing pro- 
portion of cases discharged from the clinics as “‘non-tuberculous” dem- 
onstrates the fact that more people are coming to the clinics for diag- 
nostic purposes. The Association of Tuberculosis Clinics early in its 
history insisted upon the importance of medical supervision of the 
families of patients, and these figures would seem to indicate the suc- 
cessful working out of this plan. 

The attached graphic chart illustrates the gradual increase in the 
proportion of cases discharged from the clinics as “non-tuberculous” 
during the years from 1909 to 1918. This proportion has increased 
steadily and more than tripled in the ten years during which the clinics 
have attempted to bring in for examination all the members of the 
families of their patients. (See chart 2.) 


4, COMPARISON OF TUBERCULOSIS CLINICS WITH OTHER DEPARTMENTS 


Although the tuberculosis clinics vary among themselves as to the 
degree of their efficiency, they are, as a group, superior in organization 
and procedure to the other departments of the dispensaries as the fol- 
lowing comparison clearly demonstrates. In drawing inferences from 
the comparisons, it must be borne in mind, however, that the selection 
of records from the tuberculosis clinics may give them a certain degree of 
advantage over the other dispensaries, in that all of the tuberculosis 
records referred to cases of more than one year’s association with the 
clinics, while not all cases in the other clinics were of similar duration. 


COMPARISON WITH GENERAL MEDICAL CLINICS 


1. Content of medical history. The diagnosed records, studied from 
the general medical departments, indicate the habits of the patient as 
to alcohol, tea, coffee and tobacco in only 15.2 per cent of the cases, 
while such habits are recorded in 70 per cent of cases in the tuberculosis 
clinics. The family history is indicated in 19.5 per cent of instances 
in the general medical clinics and in 91.5 per cent in the tuberculosis 
cases; and home situation in 38.8 per cent of the general medical against 
77.5 per cent of the tuberculosis cases. Occupation is noted on the 
records of 70.7 per cent of cases in the general medical clinics and 96.5 
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per cent in the tuberculosis clinics; past health in 53.3 per cent as 
against 79 per cent; medication in 87.8 per cent as against 94.5 per cent. 
Treatment other than medication is indicated in 13.6 per cent of the 
general medical histories and 27 per cent of the tuberculosis records. 
The general medical clinics record follow-up procedures in only 1.8 per 
cent of cases, whereas the tuberculosis clinics record home visits in 81.5 
per cent. The former record less than 1 per cent of social service his- 
tories, and the latter 86 per cent. Progress is recorded in 17.9 per cent 
of the general medical cases as against 71 per cent of the cases of 
tuberculosis. 

Comparison of tuberculosis with general medical records of other 
diagnosed diseases in the same institutions shows that the former 
records are uniformly excellent even in the dispensaries where the 
general medical records are relatively poor. 

Harlem general medical clinic’s records indicate medication in 41.6 
per cent of cases and progress in 25 per cent, while the Harlem tuber- 
culosis clinic records medication in 100 per cent of cases and progress 
in 90 per cent. Habits, family history, home situation, past health, 
occupation and social service, are never found recorded in the Harlem 
general medical clinic, while the tuberculosis clinic indicates the above 
items in the following percentages: habits, 70; family history, 100; 
home condition, 100; past health, 00; occupation, 95; social service, 100. 

Comparing Bellevue Hospital’s medical clinic with the tuberculosis 
clinic in that institution, the following items are found recorded in the 
given proportion of cases, the percentage from the medical clinic being 
given first in each instance; habits, 4.1-95; family history, 12.5-100; 
home condition, 20.8-95; past health, 58.3-95; occupation, 45.8-100; 
social service, 0-100; medication, 91.6-100; progress, 45.8-90. 

2. Physical examination. Comparing the procedure of physical ex- 
amination recorded in the tuberculosis clinics with that for special 
diagnosed diseases in the general medical clinics, the following differ- 
ences are noted: the former record 99 per cent of physical examinations 
against 58.2 per cent for the general medical clinics; the abdomen is 
examined in 8.5 per cent of cases in the tuberculosis clinics and 12.6 
per cent in the general medical; teeth and tongue are examined in 15 
per cent of cases in the tuberculosis clinics as against 6.2 per cent and 
2.3 per cent respectively in the general medical clinics; and the throat 
is examined in about 6 per cent of cases in both departments and blood 
pressure taken in 7.5 per cent of the tuberculosis cases and only 1.8 
per cent of the general medical. 
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The examination of the lungs and the taking of weight, temperature, 
pulse and respiration, as these are procedures particularly essential to 
tuberculosis cases, are not compared with the records of other diseases 
except in such instances as the other disease calls for similar procedure. 
The examination of lungs is recorded in 98 per cent of tuberculosis cases, 
but in only 55.4 per cent of cases of chronic bronchitis. Weight is 
recorded in 99 per cent of tuberculosis cases and in only 16 per cent of 
cases of malnutrition. The tuberculosis records indicate the tem- 
perature in 99 per cent of instances, while the malnutrition records 
note it in only 27.6 per cent, chronic heart lesions in 26.4 per cent, 
chronic nephritis in 20.5 per cent and chronic bronchitis in 16.6 per 
cent of cases. The pulse is recorded in 99 per cent of tuberculosis 
cases, but in only 35.6 per cent of cardiac cases and 19.7 per cent of cases 
of chronic nephritis. The respiration is indicated in 99 per cent of 
tuberculosis, but in only 4.9 per cent of cases of chronic bronchitis, 23.5 
per cent of chronic nephritis and 22 per cent of chronic heart lesions. 

3. Use of laboratory. In the 200 tuberculosis records studied, some 
kind of laboratory test was indicated in 98 per cent of cases, whereas in 
the other special diseases where laboratory tests are considered essential, 
the proportions of tests were as follows: syphilis of the nervous system, 
84 per cent; chronic nephritis and gonorrhea, each 66.7 per cent; and 
gastric ulcer, 58.9 per cent. 

Nephritis and gornorrhea, as would be expected, stand highest in 
the proportion of cases receiving urinalyses but tuberculosis is well 
above any other disease, recording 40.5 per cent of cases examined. 

In the comparison of X-ray examinations, fracture with 56.7 per cent 
of records showing such procedure and gastric ulcer with 45.3 per cent 
are the only diseases with a higher record than tuberculosis, with 34 
per cent. The disease with the next highest proportion is chronic 


nephritis, with 7.8 per cent of X-ray examinations indicated. As 
regards the Wassermann reaction, tuberculosis, which records 11 per 


cent of cases examined, is only exceeded by syphilis with 78.2 per cent 
and epilepsy with 12.2 per cent. 

The other common laboratory tests for tuberculosis, such as sputum 
and von Pirquet, are not comparable with the same procedures for the 
other diseases, but it is interesting to note in this connection that 
whereas sputum analysis is recorded in 92.5 per cent of tuberculosis 
cases, microscopic urinalysis is recorded in only 37.2 per cent of cases 
of chronic nephritis; X-ray in 56.7 per cent of fractures; smears in 33.9 
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per cent of cases of gonorrhea in women; and Wassermann test in 78.2 
per cent of syphilis cases treated in neurological clinics and 89.1 per 
cent of those treated in special venereal clinics. 

4. Attendance. A comparison of the attendance of the patients suf- 
fering from the different chronic diseases is interesting in this connec- 
tion and it is found that the attendance at the tuberculosis clinics is of 
a much higher grade, indicating superior supervision in these clinics. 
The general mean number of visits of the tuberculosis patients under 
treatment for less than two years is 16; of patients under treatment from 
two to three years, the mean number of visits is 30; and for those under 
treatment over three years the number is 48. 

The mean number of visits for all cases of syphilis studied in the 
venereal clinic survey was about 9, while more than one-half of the 
cases of malnutrition, chronic bronchitis, eczema and gonorrhea in 
women made only one visit. 

5. Social service. The social service histories are filed with the 
medical records in nearly all of the tuberculosis clinics while these 
records are usually filed separately in the general medical clinics cases, 
making the information rather inaccessible to the clinic physician. 


COMPARISON WITH VENEREAL CLINICS 


1. Supervision of families. One essential feature in the adequate 
control of both venereal disease and tuberculosis is the supervision and 
prophylactic examination of the families of clinic patients. Whereas 
little or nothing is being done at the venereal clinics along this line, the 
tuberculosis clinics systematically supervise the patient’s family when- 
ever possible; and of the families of the 200 cases studied, 246 members 
other than the original patient are recorded as having had a prophy- 
lactic physical examination at the clinics. 

2. Treatment of children. Another fact which Sidseianiaaiie the dis- 
ease preventive activities of the tuberculosis clinics is the proportion 
of children examined. In 1918, 39.5 per cent of their patients were 
children, brought in for medical supervision. This figure again is not 
available for the venereal clinics but the proportion of children receiving 
prophylactic supervision at these clinics is very low. 

All of the private tuberculosis clinics and all but five of those con- 
ducted by the Department of Health hold special sessions for children 
at some time when it is possible for school children to attend. The 
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venereal clinics provide only the following facilities for children: Belle- 
vue, special clinics for both syphilis and gonorrhea; Vanderbilt, a special 
clinic for gonorrhea; and New York Hospital, special hours for women 
and children. 


COMPARISON WITH SPECIAL GASTRO-ENTERIC CLINICS 


As it has been found in our survey of medical cases that the same 
conditions when treated in special clinics receive better attention than 
when treated in general medical clinics, a comparison is made below of 
gastric ulcer treated in special clinics at Brooklyn Hospital, and Mt. 
Sinai dispensaries, with the tuberculosis cases studied. 

A physical examination is recorded in 77.3 per cent of all cases of 
gastric ulcer treated in the special clinics, whereas a physical exami- 
nation is indicated in 98 per cent of the tuberculosis records. 

The abdomen is recorded as having been examined in 68.3 per cent of 
cases of gastric ulcer in the special clinics, while the lungs were ex- 
amined in 98 per cent of cases in the tuberculosis clinics. Examina- 
tion of the teeth is noted for 2.3 per cent of cases in the special gastric 
ulcer clinics and in 15 per cent of cases in the tuberculosis clinics. 

Urinalysis is recorded in 22.5 per cent of cases of gastric ulcer, whereas 
urinalysis is indicated for 40.5 percent of the tuberculosis cases studied. 

A Wassermann Reaction is noted for 4.6 per cent of the cases in the 
special gastric ulcer clinics and 11 per cent of the tuberculosis cases. 

The 75 per cent of gastric ulcer cases receiving a test meal at the 
special clinics may be compared with the 92.5 per cent of tuberculosis 
cases recorded as having had an analysis of sputum as a diagnostic 
procedure. 

This comparison although inconclusive will perhaps serve to indicate 
and emphasize the superiority of the organization of tuberculosis clinics 
over other departments of the dispensary. : 


CONCLUSIONS 


There seem to be two chief reasons why the treatment of tuberculosis 
is relatively superior: first, because of the centralized control of the 
tuberculosis clinics; and secondly, because tuberculosis is a disease 
treated in special clinics by physicians particularly interested and 
expert in its treatment. Moreover, most of the clinic physicians in 
the tuberculosis departments receive compensation for services. 
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THE ASSOCIATION OF TUBERCULOSIS CLINICS 


1. History and membership. As the relatively high standards of the 
tuberculosis clinics are due in a great measure to the activities of the 
Association of Tuberculosis Clinics, a brief resume of the history and 
activities of this organization may not be amiss in this connection. 

The Association of Tuberculosis Clinics was organized in 1908 as an 
offshoot of the Tuberculosis Relief Committee of the New York Charity 
Organization Society, for the purpose of eliminating the overlapping 
and duplication in the work of the various tuberculosis clinics. The 
Association then consisted of eight clinics as follows: Bellevue, Health 
Department, Gouverneur, Presbyterian, Vanderbilt, New York Dis- 
pensary, New York Hospital and Harlem. 

The membership has grown rapidly especially by an increase in the 
number of Health Department clinics. At the present time there are 
thirty tuberculosis clinics in the Association, twenty operated by the 
Health Department, three by Bellevue and Allied Hospitals and seven 
by private institutions as follows: Lenox Hill, Mt. Sinai, New York 
Dispensary, New York Hospital, Presbyterian, St. Luke’s and Vander- 
bilt. Several other clinics have been members of the Association from 
time to time and have resigned for various reasons. 

The objects for which the Association was forrned have been stated 


as follows: 


To organize dispensary control of tuberculosis in New York City and to 
develop a uniform system of operation of such dispensaries as are organized 
for this purpose; to retain patients under observation until they are satis- 
factorily disposed of, and to prevent their drifting from one dispensary to 
another; to facilitate the attendance of patients at the dispensary most con- 
venient to their homes; to facilitate the work of visiting nurses in the homes 
of patients; to provide for each patient requiring it, assistance by special 
funds or through benevolent organizations and proper hospitals, sanatorium or 
dispensary care; to codperate with, and assist as far as possible, the Depart- 
ment of Health in the supervision of tuberculosis; to do any and all acts and 
things which may lawfully be done to aid in securing any of the above named 
objects; and generally to combat and assist in combating tuberculosis and to 
alleviate and assist in alleviating its effects. 


The work of the organization is carried on by an executive staff under 
the supervision of the board of directors. The functions of this staff 
are to receive and tabulate information from the monthly reports of the 
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individual clinics; to make critical studies from time to time of the 

efficiency of the various dispensaries and make reports of these studies; 

to prepare annual reports, circulars of information, ‘‘Clinic Notes” as 

_ described later; and to codperate with the Board of Health and voluntary 
health organizations in their activities. 

2. The main achievements of the Association. Some of the results of 
the activities of the Association of Tuberculosis Clinics in raising the 
standard of the tuberculosis clinics can be summarized as follows: 

Requirements for admission. The Association established the follow- 
ing requirements for admission to its membership: 


Clinics eligible for membership in the Association must bé provided with 
(a) a separate class for tuberculosis cases; (b) a graduate nurse assigned to 
this class for the purpose of maintaining supervision over the homes of these _ 
tuberculosis cases; (c) a district within which the work of the class is limited 
for new cases. 


By insisting on these minimum requirements the Association has 
been able in many instances to raise the standards of the clinics applying 
for admission. 

District treatment. The Association brought about a district organi- 
zation of tuberculosis clinic work thus eliminating a great deal of con- 
fusion and conserving the time and energy of both patients and the 
clinic personnel. 

Critical studies. Various critical studies of the work of the tubercu- 
losis clinics have been made from time to time and the observations 
of the work done at the clinics incorporated in reports submitted to 
clinic authorities for their information and guidance. ‘This constructive 
criticism has resulted in higher standards of procedure being gradually 
introduced in all clinics. 

Monthly reports. A system of monthly reports from the individual 
clinics to the central office was instituted by the Association. These’ 
reports were of great value to the clinics themselves because they neces- 
sitated a monthly checking up of their own activities and also served as a 
basis of some of the critical studies of the association and of the annual 
reports. 

Regular publications. On the basis of the monthly statements the 
Association publishes an annual report giving an account of the work 
of every clinic in the Association. It also issues a monthly bulletin, 
Clinic Notes, and distributes it to the Association members for purposes 
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of bringing clinics closer together, stimulating healthy rivalry and 
establishing an esprit de corps among the workers. 

A series of circulars of information has been issued to the clinics to 
keep them in touch with matters of general interest and to inform them 
of all rulings concerning methods of procedure adopted by the Associa- 
tion or promoted by the Health Department. 

Conferences. The Association organized conferences of tuberculosis 
workers with the aim of discussing the problems encountered in the work 
and methods of meeting them. The nurses working in tuberculosis 
clinics were organized into a group with the object of establishing through 
contact a codperative spirit and of promoting uniformity in the work. 

Codperation with the Depariment of Health. The Association has 
been an influential factor in shaping the development of the tubercu- 
losis clinic work and has set an example of what can be accomplished 
by similar codperative effort in other branches of dispensary work. 


APPENDIX 


TABLE 1a 


Nationality of patients atiending tuberculosis clinics tabulated by institutions 


UNITED 
STATES ITALIAN | HEBREW TRISH SLAV GERMAN NEGRO LANEOUS 


NUMBER OF CASES 


Lenox Hill...} 20} 9/14.5 5} 8.9} 2) 7.7 25 3/18.7 

Gouverneur..} 20} 1] 1.6} 2] 17/30.4 

. Vanderbilt...| 20} 13/21.0 4/15.4 2} 50 1} 6.2 
St. Luke’s....} 20} 10)16.1] 2) 7.4 3/11.5 25 4/25.0 


New York 
Hospital... 


Presbyterian . 
New York 
Dispensary 


| 
‘ Mt. Sinai... 20 20/35 .7 
Harlem_____| 20} 6) 9.7} 1) 3.7) 3)11.5 3 {100.0} 1] 6.2 
Bellevue.....} 20) 6) 9.7] 6/22.2) 1] 1.8] 3/11.5].2 |33.3 2/12.5 + @ 
20} 9.7) 1) 4] 7.1] 3)/11.5) 4 [66.7 2)12.5 
20| 6.4) 12/44.5) 2) 3.6) 2] 7.7 
Total. .....|200} 62/31.0} 2613.0} 6 | 3.0} 4] 2 3 1.5] 16) 8.0 
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TABLE is 
Age and sex of patients attending the tuberculosis clinics tabulated by institutions 


WOMEN 


4 
INSTITUTION 


| NUMBER OF CASES 


| Per cent* 
| Per cent 
Number 
| Per cent 


tr | tn Own 


Gouverneur 
Vanderbilt 

St. Luke’s 

New York Hospital 


| 


CO MD OO 


— 


wm 
wm 


a 
6 
9 
5 
3 
5 
8 
5 
9 
7 
6 
63 


* Number and per cent based on number of men, women and children respectively. 


4 MEN — 

a CHILDREN 
UNDER 16 

| 
q 3 12.5] 3 |42.8 
2 | 8.3 

q 1 | 4.2) 2 |28.6 

New York Dispensary...........} 20 5 (20.8 
24 |12.0) 7 | 3.5 
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TABLE 4 
Distribution of patients to hospitals, sanatoriums, day camps and for convalescent care tabulated 
by clinics 
NUMBER 
9} 45) 1) 2 3 1/1 13 
Gouverneur............. 15} 75 1 |5 |2 |6 3/2 | 6 | 29 
Vanderbilt .............. 13] 65) 3/3 1. | 6 1 3 | 18 
St. 13} 65) 2) 2 |1 1 2 2 | 10 4 | 24 
9} 45) 1) 1 1 2 8 | 15 
New York Hospital...... 9] 45) 3) 3 1 eA 2 4 | 16 
14; 70) 3/2 10 1 4 | 27 
14} 70} 3) 2 2/1 | 6 | 28 
Presbyterian.......:..... 10} 30) 3) 1 3 7 | 19 
New York Dispensary... .} 10} 50) 3) 3 5 | 13 
116} 58) 23/20 |4 | 11/7 |14 |13 |31 |6 | 22/4 |47 |202 
POP CORES ve 20/17 19|3.4/40.5 
* Number and per cent based on the 116 cases having change. 
TABLE 5 
Physical examination of tuberculous patients tabulated by institution 
PHYSICAL EXAMINATION LABORATORY TESTS 
a 
Lenox Hill....| 20) 20) 20) 20) 19) 20 2| 4 113 | 1 |18 | 413 | 2/4 
Gouverneur ...| 20} 20} 20) 20) 20) 20) 9) 9 8 |20 |10)16 | 2 
Vanderbilt... .| 20) 20) 20) 20) 20) 16) 1 | 5| 6 4i2 11 |14 | 3/10 | 2) 
St. Luke’s.....} 20} 20) 20) 20) 20) 20; 4 | 6/6 |1 | 2 1 119 |}83 
New York 
Hospital. ...| 19} 19) 19} 19} 19] 20) 2 | 2 3 17 | 21 
Mt. Sinai..... 20} 20} 20} 20) 20) 20; 3 | 3) 3 3/1 19 | 2 2 
Harlem....... 20| 20; 20} 20} 20) 20 20 |} 41 
Bellevue...... 20} 20} 20} 20} 20} 20) 1 2:2 2 19 | 2 
Presbyterian....| 20} 20} 20) 20) 20; 20) 6 | 1) 1 4 119 | 9/16 | 6 
New York 
Dispensary...| 19] 19) 19) 19) 20) 20 20 3 
Percent total 
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EDITORIAL 
A PROPOSED SANATORIUM UNIVERSITY 


The Swiss-French Universities of Geneva, Lausanne and Neuchatel 
have issued a circular appealing for funds to establish a sanatorium in 
which students and professors alike may continue studies while under 
treatment. The idea makes a strong appeal. It is surely in line with 
modern ideas of the value of mental and physical occupation in quiescent 
periods of tuberculosis. 

The suggestion comes from Dr. L. Vauthier (Secretary-General) of 
Geneva, and a committee appointed from the three universities named. 
An effort will be made to raise $2,000,000 for the establishment. Free 
treatment would be provided for those unable to pay. The scheme is for 
a separate institution under the patronage of the three universities. 

The privileges at first contemplated will be limited; and students 
admitted only from the United States, Belgium, France, Great Britain, 
Greece, Italy and Switzerland. Many subjects would be taught to suit 
the varied needs, tuberculous professors being engaged when this is 
desirable and when they are physically fit. | 

Switzerland offers undoubted advantages for trying such a plan. If 
well provided with medical direction and infirmary facilities; and, above 
all, if sufficiently endowed, there is new hope for the discouraged student 
cut off in the course of his studies. 

It is worth mentioning that in the United States, universities in the 
West and Southwest are at present giving instruction to ex-service men 
with arrested tuberculosis, under the Federal Bureau for Vocational 
Education. There are numbers of students from Eastern colleges who 
by reason of tuberculosis have finished their education in Western 
colleges. 

The proposal to combine the sanatorium and university is a logical 
thing. We hope that American assistance will be furnished to the Swiss 


experiment. 
E. R. B. 
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EDITORIAL 


TUBERCULOSIS PROBLEMS 


Tuberculosis problems change. And the fact that they do change is 
the best proof that we are not standing still. The current number of 
the REviEW does not voice a single new thought; yet could our departed 
heroes of tuberculosis of only ten years ago scan its pages they would 
perforce rub their eyes. For their tuberculosis problems have slunk ‘o 
the rear. The tubercle bacillus is no longer tuberculosis; it has become 
a mere incident of tuberculosis. The man sick with tubercle is now 
tuberculosis. Around such men centers the tuberculosis problem of a 
new day. That tubercle bacilli are in men no longer hurries a chill 
down our spine. This fact we have come to accept,—just as we accept 
our sins,—our hates and our lusts, our covetousness and our pride. 
Moral science cannot deny their existence; good morals demand that 
they lie dormant and concealed. 

Pause now for a moment. Brush up for an hour on the tuberculosis 
exhortations that ushered in the century and promised to the populace 
a new world. How? By slaughtering cattle, by abolishing spitting, 
and by teaching and taking care of the sick for a few months. But 
human nature is cantankerous. Its human right to spit far and wide 
will not be yielded to a remote and shadowy peril. Or is it that human 
nature resents the imposition of law? Made tolerably whole and sound 
once more, the sanatorium graduate remains disappointingly perverse 
to our admonitions and our homilies. We take him by the hand and we 
tell him to eat to fulness of good food, to rest much in clean air, not to 
overwork, not to overplay, not to tire; and we send him home. And 
at home he eats what is there, and rests where he can, and overworks 
and, may be, overplays, and he tires—often; and he comes back to us. 
And we condemn him—only too often—for his foolishness and dis- 
obedience. 

Irony stalks the lunger at every turn; and by no means the least ironic 
episode in his sorry career is that session with the physician when his 
home regimen is worked out,—a regimen that not more than ten per 
cent can command and enjoy. It is the irony that would prescribe a 
winter at Palm Beach for your washerwoman’s bronchitis. 

But we are learning. Turn now to preceding pages. From across 
our Northern Border, from the Pacific Coast, from the Atlantic Sea- 
board, comes the appreciation that the key to the problem lies buried 
in the condition of the social mass; in urban and rural general health 
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and ‘sanitation, in wages and the cost of commodities, in housing and in 
rents, in hours of work, and ideals and habits of play and recreation ;— 
in short, to paraphrase Stewart’s brilliant summary, in everything that 
enters into an individual’s life. It is his reaction to his environment that 
brings him to the sanatorium; it is his reaction to the ideal environment 
of the sanatorium that sends him out apparently cured; it is his reaction 
to environment that sends him back to the sanatorium. The problem 
of prevention lies in the character of the social mass: here too lies the 
problem of the permanent cure of tuberculosis. In this fight of ours the 
sanatorium is in no way the beginning and end of the struggle. It isa 
link—a way station; but by all odds the most important way station, 
the one most fruitful in results, yet devised or imagined. It is not the 
sanatorium’s fault that men come to it: society must answer for this. 
Nor is it through any shortcoming of the sanatorium that men return 
to it: for this again society is accountable. 

Nothing can be plainer than that it is on and through society that we 
must work. But with what tact! What sympathy! What most 
humanistic appreciation of the fundamental roots of human nature! 
Whatever comparisons and analogies eugenists may draw from the 
race-track and the barnyard, we as workers in tuberculosis should never 
forget that we are dealing with human beings. In bringing to pass a 
new breed of animals—a fairer; a stronger and a more resistant stock— 
we must see to it that we do not destroy a race of men. Pity, and 
sympathy, and love of the good and beautiful, and creativeness are not 
always the heritage of the swift, the sleek and the strong, nor the posses- 
sion of the fine-upstanding, the sound-bellied and the taut-muscled 
alone. 

We gain nothing; nay, we lose all that we have, if in our zeal we vio- 
late a single one of those fine traits of the emotions that mark us off 
from the brutes. We must be ever careful that we do not create a 
situation that would be more intolerable than the one we try to escape 
from. Would the world really be better off if, as Dobbie suggests, a 
tuberculous mother were not allowed to come in contact with her child 
during its first three years or a tuberculous father forbidden to live in 
the same house with an infant under three? The wise physician must 
hesitate to tell an innocent and happy wife that her erring consort has 
acquired syphilis: he has a responsibility in addition to that of saving 
her body, and perhaps the former responsibility is the greater one. This 
may be a fine point for casuistry. But there can be hardly two opinions 
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as to how many would advocate the annual disruption of a half million 
homes in this country alone, because of tuberculosis. 

To keep in view the whole man; to work unceasingly for the better- 
ment of the physical conditions under which he lives; to promote and 
develop opportunity for advancement along paths that involve the least 
unnecessary strain,—and to do all this with a minimum of terrorism, 
whether this Schrecklichkeit be by precept, by threat or by statute 
law, but with a maximum of tolerance of and regard for and adaptation 
to the conservative demands and the creative yearnings of human 
nature;—this is the ‘‘root and branch” attack on tuberculosis. Sensa- 
tional and exciting, this?P No. But peoples without the materials for 
the historian are happiest; the times of peace are dull, yet charged with 
work and productiveness and wealth; scientific eras should be rated, 
not according to the brilliance or number of their flashy discoveries, but 
according to their total of achievement and addition to knowledge and 
ideas. So perhaps in a period of work and quiet orientation like the 
last decade we in tuberculosis may have gone ahead further than when 


a Laennec or a Koch flashed across our world. 
& &. 


NEW TUBERCULOSIS ASSOCIATION, NEW YORK CITY - 


The antituberculosis work in New York City which, for the past 
seventeen years, has been thoroughly and energetically carried on by 
the Committee on the Prevention of Tuberculosis of the Charity Organi- 
zation Society, has been taken over by a new and larger corporation, the 
New York Tuberculosis Association, Inc. All the members of the old 
committee, including such prominent workers in the tuberculosis field 
as Dr. Hermann M. Biggs, State Commissioner of Health; Dr. Royal S. 
Copeland, Health Commissioner of New York City; Mr. Lee K. Frankel; 
Dr. S. S. Goldwater; Mr. Thomas W. Lamont; Dr. S. Adolphus Knopf 
and others are members of the Board of Directors of the new Association. 

The objects of the Association are: The study of tuberculosis and of 
the means of preventing it; the dissemination of knowledge as to the 
nature of the disease, its causes and the methods of its prevention and 
its treatment; the promotion of adequate facilities for the prevention of 
tuberculosis and for the care, treatment and economic rehabilitation of 
persons afflicted therewith; and the codrdination of the work of public 
and private agencies engaged in any of the foregoing activities. 
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Dr. James Alexander Miller is the president of the Association and Mr. 
Homer Folks is the vice-president. Dr. John S. Billings, long connected 
with tuberculosis work in New York City, is the Director. 

A broad program of education, publicity, preventive work among 
children, of home treatment and after-care, codrdination of existing 
clinics and of relief agencies, will be developed by experienced secretaries. 
A novel addition, in codperation with the Federal Vocation Board, will 
be the opening of a workshop where, under the best sanitary conditions 
and medical supervision, arrested cases of tuberculosis will be restored 
to productive capacity under healthy surroundings. 

Among the secretaries so far appointed are: Mr. G. J. Drolet, statisti- 
cian; Miss Gretta Jones, relief organizations; Mrs. Josephine Toering, 
tuberculosis dispensaries; Mr. E. C. Rybecki, labor; Mr. David Ryan, 
publicity. 
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INFLUENZA AND TUBERCULOSIS 
A SUPPLEMENTARY REPORT AND CRITICAL REVIEW 


J. BURNS AMBERSON, Jr. anp ANDREW PETERS, Jr. 


From the Loomis Sanatorium, Loomis, New York 


One of the questions reopened since the influenza pandemic of 1917— 
1918 is that of its effect on pulmonary tuberculosis. Incidentally, the 
question has also arisen of the susceptibility of tuberculous persons to 
this infection, and its course in such individuals. It has been assumed 
by some from comparatively meagre data that the tuberculous possess 
a special immunity to influenza. 

Some months ago we (1) recorded our observations on epidemic influ- 
enza among a comparatively small number of patients and employees at 
Loomis Sanatorium, and we now wish to supplement this report with an 
analysis of the histories of patients who had epidemic influenza previous 
to entering the sanatorium and to note the incidence and fatality of this 
disease among our former patients. We shall attempt, furthermore, to 
correlate this with evidence from other sources and to point out what we 
consider errors in interpretation of this data. 

Statements have been made that*influenza is less prone to attack the 
tuberculous than other individuals; that when it does it runs a milder 
course; and, on the other hand, that mild and incipient cases of phthisis 
show a special liability to influenza. 

The impression that influenza is less prone to attack the tuberculous 
seems to have been supported chiefly by statistics reported by Armstrong 
(2) for the first epidemic at Framingham, Mass. There the incidence 
among the entire population was 16 per cent; among the tuberculous 
group only 4 per cent. Most of the tuberculous cases were said to be 
ambulatory and of the arrested type, exposed to ordinary contacts. 
However, it seems likely that, as Framingham is a health demonstration 
community, the tuberculous would be more careful to avoid crowds and 
over-fatigue, factors fairly clearly demonstrated as contributory to res- 
piratory infections of such types as influenza. The low incidence of in- 
fluenza in certain tuberculosis sanatoria and hospitals has been cited. 
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Fishberg (3), in a recent article, quotes Goldberg’s figures showing an 
incidence of 5.4 per cent among hospitalized tuberculous patients at Chi- 
cago and compares this with the much higher incidence of the epidemic 
in the various military camps. It must occur immediately that such a 
comparison is grossly inapplicable, for the reason that conditions in a 
military cantonment have no similarity to those in a hospital for the 
tuberculous. In the former there is every opportunity for contact with 
sources of acute respiratory infection; in the latter the patients are to a 
considerable degree segregated. Moreover, as Heiser (4) has pointed 
out, the mere quartering of men in barracks seems to have a tendency to 
increase the risk from acute respiratory diseases. 

The réle of acute fatigue as a contributory cause of pneumonia has 
been pointed out by Cowles (5) who suggested that the conditions ob- 
served by him at Groton School might be paralleled at the military en- 
campments where strenuous military training among great numbers of 
young men provided the conditions for inducing acute fatigue among 
those physically out of condition or convalescent from mild ailments, 
and it is reasonable to suppose that acute fatigue may be contributory 
to influenza as well as pneumonia. 

A priori, one would say that patients at tuberculosis sanatoria, usu- 
ally located apart from the main centers of population, who are for the 
most part confined to the sanatorium grounds or vicinity, who rest and 
usually sleep in the open air, and who are well cared for and not sub- 
jected to overcrowding or to hardshjps of any kind, would be much less 
likely than the ordinary population to contract such a disease as epidemic 
influenza. However, while the incidence at some sanatoria was low, at 
others this was not the case. Hawes’s report (6) of the epidemic among 
the Massachusetts State Sanatoria showed that, while Lakeville (up to 
that time) had escaped entirely, at Rutland, where there was less control 
over the patients, most of whom were ambulatory, 66 of 360 patients 
(18.3 per cent), and 32 of 150 employees (21.3 per cent) contracted the 
disease. This is not far from the general rate of incidence and does not 
seem to indicate any special immunity. At Montefiore Home (7) the 
proportion of tuberculous patients and employees contracting influenza 
was practically the same as among the nontuberculous employees, and 
about the same percentage of both groups developed evident broncho- 
pneumonia. 

As a matter of fact, there was a wide variation both in the incidence 
and severity of the pandemic in different communities and even in differ- 
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ent groups of the same community. For instance, among the employees 
at various Chicago telephone exchanges the attack rate was observed by 
Jordan, Reed and Fink (8) to vary from 5 per cent to 27 per cent, although 
the working conditions were approximately the same. The influence of 
careful supervision of a somewhat segregated group was shown in one 
section of the Students’ Army Training Corps, the attack rate being 3.9 
per cent, and the pneumonia rate 7.7 per cent; whereas in another sec- 
tion of the Corps particularly exposed to infection, the attack rate was 
39.8 per cent and the pneumonia rate 13 per cent. In groups from the 
larger communities studied by Frost (9), the percentage of the popula- 
tion attacked varied from 15 per cent in Louisville, Kentucky, to 53.3 
per cent in San Antonio, Texas, the attack rate for the whole group being 
28 per cent. | 

For the belief that influenza lays a lighter hand on the tuberculous 
than on the nontuberculous we can find still less evidence. Fishberg (3), 
indeed, says that in most cases seen in private practice, tuberculous pa- 
tients passed through influenza uneventfully,-and adds that he has not 
seen a single fatal case. He makes the still more extraordinary state- 
ment that ‘‘a large proportion of tuberculous patients under treatment 
in this city (New York) contracted influenza and not a single one sub- 
cumbed.” In contrast to this, among the comparatively small number 
of tuberculous individuals who were attacked by the disease at Loomis 
Sanatorium (1), there were two deaths. 

Of 1227 former patients of Loomis Sanatorium concerning whom we 
have definite reports, 70 contracted influenza during the epidemic of 1917- 
1918, and 16 of these (22.9 per cent) are reported to have died. Thisis 
much higher than the general case fatality, which rarely exceeded 5 per 
cent, and on the average seems to have been considerably less (9). Even 
granted that a certain (unknown) number of our former patients had the 
disease, recovered and forgot to mention it in their reports, the fatality 
percentage of our group must have been well above this. Pearl (10), in 
a preliminary analysis of the weekly mortality statistics of the epidemic 
for 39 large American cities, noted the extraordinary degree of variation 
in the relative degree of explosiveness of the outbreak of epidemic mor- 
tality. Analysis of this variation, by the method of multiple correla- 
tion, appeared to demonstrate that an important factor in this was the 
magnitude of the normal death rates observed in the same communi- 
ties, particularly from pulmonary tuberculosis and diseases of the heart 
and kidneys. 
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It is difficult to agree with Fishberg that epidemic influenza is primarily 
merely an upper respiratory tract infection and affects the bronchi and 
lungs in only a relatively small proportion of cases. It has many char- 
acteristics of a general infection in well-marked cases and affects the lower 
respiratory tract so frequently that the term ‘“‘epidemic pneumonitis” has 
been used. The dominance of pulmonary symptoms has been frequently 
referred to, and Christian (11) believes, from a clinical study of non- 
fatal cases at the Peter Bent Brigham Hospital, that with very few 
exceptions patients with fairly severe to severe cases of influenza have 
bronchopneumonia. 

Perhaps the most disputed question of all is that of the effects of influ- 
enza on preéxisting tuberculosis, latent or manifest, and the evidence is 
indeed frequently confusing. Hawes (12), Fishberg (3), Stivelman (7), 
Gram (13) and a number of other writers on the subject are evidently 
of the opinion that these effects are inconsiderable. In fact, Fishberg 
goes so far as to conclude that epidemic influenza is not to be considered 
as a reactivator of dormant tuberculous lesions. However, some of this 
evidence is not entirely convincing. For example, Fishberg quotes Rick- 
man who reports that in 30 out of 40 tuberculous persons at St. Blasien 
who contracted influenza the attack did not produce any aggravation of 
the lung condition; but we are not informed as to what happened to the 
other 10. Surely if even 25 per cent of tuberculous patients who contract 
influenza have their pulmonary condition aggravated, we should not 
regard this as inconsiderable. Stivelman reports that there were 6 fatal 
issues among the tuberculous at Montefiore Home who had the disease, 
a mortality of 11.4 percent. Three of the 6 patients ‘‘died from exhaus- 
tion due to marked reactivation of the tuberculous lesion two months 
after the onset of influenza.” ; 

That in many cases following influenza it is difficult to say just what 
is and what is not a tuberculosis exacerbation is admitted, but to throw 
out all except the cases which become rapidly progressive toward a 
fatal issue with the tacit assumption that the remainder had been un- 
harmed would scarcely be warranted; for we know that relapses in tu- 
berculosis can occur without very obvious increase in extent of the physi- 
cal signs, and that recovery may ensue, not all by any means continuing 
to progressive disease. In other cases it may be a long time before the 
physical signs in the chest show definite increase in extent. 

In Gram’s (13) survey of the after-effects of the epidemic in the City 
of Buffalo, of 33,880 cases of influenza reported, 25,699 were visited and 
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investigated by emissaries of the Department of Health, much of the 
field work being done by lay individuals appointed as extra inspectors for 
the emergency, and altogether occupying a period of about two months 
from the subsidence of the pandemic. Seven hundred and forty-eight 
individuals were at first reported as not fully recovered and were given 
further attention, 220 having various respiratory sequelae. One hun- 
dred and forty-two of these had coughs later reported as recovered from 
or improving, 13 “colds” and 12 “lung trouble” later reported as recov- 
ered, leaving only 27 cases of tuberculosis or suspected tuberculosis, of 
which only 8 were definitely new cases of tuberculosis, certainly an insig- 
nificant number. But it is not to be expected that by such a canvass, 
however earnest the endeavor, the full tale could be told. There is still a 
widespread disinclination to tell the agents of Boards of Health any 
more than can be helped, and doubtless many minimized or suppressed 
their disabilities. It was only possible to examine a comparatively small 
number. In commenting on Gram’s paper when read before the Ameri- 
can Medical Association, A. L. Franklin, of Cumberland, Maryland, ob- 
served that the Buffalo experiment would have been much more valu- 
able had it been possible to apply a careful medical examination to sev- 
eral thousand of these apparently recovered patients, while E. B. Frei- 
lich of Chicago said there were observed in the dispensary clinics, almost 
daily, moderately and far advanced cases of tuberculosis with histories 
dating back to influenza, and also that the general attendance at these 
clinics had increased. B. R. Wakeman reported the results of a post- 
influenza survey at Hornell, New York, where out of about 400 persons 
examined who had not fully recovered, 40 were found to have tuberculo- 
sis, yet only 2 cases had been reported to the health officer from January 
1 to October 1, 1918. Finally, Sir Arthur Newsholme of London re- 
marked that, so far as national statistics in England were concerned, every 
year showing an excessive death rate from influenza has been followed by 
a year in which the death rate from tuberculosis has been excessive. 
Apparently this has not, at least as yet, been the case in this country, 
if we consider the figures thus far reported. Fishberg (3) quotes those 
published by the New York City Department of Health showing that be- 
tween January 1 and September 1, 1919, there were reported 1026 fewer 
cases of tuberculosis and 549 fewer deaths from this cause than in the 
corresponding period of 1918. However, during the succeeding three 
months of 1919 (14), although the number of deaths reported from tu- 
berculosis continued to be less than for the same months of the previous 
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year (when incidentally there was a temporary increase during the 
period of the influenza prevalence) the number of cases reported in the 
same city has shown a distinct increase over the latter months of 1918, 
the number reported in October 1919 being 1292, and in November 
1527, which more than erases the balance in favor.of the latter year. 
Are we beginning to get some late fruits of the pandemic or is this the 
result of some undetermined transient factor? As regards the immedi- 
ate diminution in deaths reported from tuberculosis, may it not be that 
the pandemic carried off enough of the old cases to account for a tempor- 
ary lull until new cases developed or others had time to reach later 
stages of the disease? We believe it would be premature to attempt to 
formulate positive answers to these questions at present and that we 
must await more extensive statistics covering a longer period, as well 
as a more careful analysis of the factors involved in the present data, to 
determine the effect of the pandemic on tuberculosis or tuberculosis mor- 
tality in this country. The following conclusions reached by Louis I. 
Dublin (15), statistician of the Metropolitan Life Insurance Company, 
based on a study of the mortality experience from tuberculosis in the 
industrial department of the company in 1918, are, however, instructive: 


The death rate from tuberculosis (all forms) in 1918 continued to decline, 
the rate being 187.4 as compared with 188.9in 1917. . . . . Theim- 
provement in 1918 as compared with 1917 would have been much greater but 
for the last three months of the year . . . . for the last three months, 
the rate was 15.8 per 100,000 higher than the 1917 rate. The tuberculosis 
death rate usually drops considerably in the last quarter of the year, but in 
1918, probably because of the influenza epidemic, there was next to no decline. 
Exactly similar conditions are found in the population figures for both the state 
and city of New York. 


From 1544 living former patients of Loomis Sanatorium queried up 
to October 31, 1919, there have been received 1290 replies. There was 
an insignificant increase (1.78 per cent) in the number of deaths reported 
this year as compared with the number for 1918, but of the 86 deaths, 
16 or 18.6 per cent were caused by pandemic influenza. Out of 1227 
returns which contained definite information, 70 or 5.7 per cent report 
the occurrence of influenza during the year. Death resulted directly 
from this disease in 16 or 22.9 per cent of these 70 persons, and 2 others 
died of tuberculosis some months after convalescence from the epidemic. 
One of these latter had been in poor health for three years but the other 
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was in a satisfactory condition before the attack of influenza. Of the 
52 survivors among the 70, 35 or 67.3 per cent are at present in a satis- 
factory condition,! as compared with 82.6 per cent of all our living ex- 
patients. Nevertheless, owing to the comparatively small number of 
those who contracted this disease, its influence as a factor in the total mor- 
tality is but dimly reflected, because attenuated and balanced by other 
indeterminable factors. It is probable that a certain (probably not large) 
number of cases of influenza among our former patients have not been 
reported, and that if these were included there would be some increase 
in the percentage of incidence and corresponding decrease in the percent- 
age of fatality. A detailed summary follows: 


Number of former patients who contracted influenza 70 = 5.7 per cent 
Persons whose condition was satisfactory, and remained so 

after the attack 35 = 50.0 per cent 
Relapses of pulmonary condition apparently due to influenza.. 8 = 11.4 per cent 
Persons whose condition was unsatisfactory before the at- 

tack and still remains so 6 = 8.6 per cent 
Persons whose condition was unsatisfactory before the attack 

but improved since = 4.3 per cent 
Deaths due to influenza 16 = 22.9 per cent 
Deaths due to tuberculosis after convalescence from influenza.. 2 = 2.8 per cent 


70 = 100 per cent 


Finally, we may consider the histories obtained from patients who 
have been admitted to Loomis Sanatorium during the past year. 

From November 1, 1918, to November 1, 1919, there were admitted 
to the Main Division 199 new patients with unquestionable pulmonary 
tuberculosis. We have excluded from consideration all those in 
whom we felt there could be any reasonable question as to the 
diagnosis, and nearly all the 199 had both definitely manifest physical 
signs and tubercle bacilli in the sputum. We purposely confined our- 
selves to patients admitted to the Main Division as these were more 
directly under our observation and the histories were all very carefully 
obtained by one of us (P.). Forty-two of these patients, or 21.1 per cent, 
gave a history of a definite attack of influenza during the recent pandem- 
ic. While we agree with Fishberg that probably many of the histories 
of attacks of so called “grippe” or influenza, obtained from tuberculous 
patients in times prior to the epidemic, need to be accepted with the 


1 The term “in satisfactory condition” implies that the individual is living under approxi- 
mately normal conditions and able to attend to his or her ordinary occupation. 
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proverbial grain of salt, we do not think that objection very valid in the 
cases in question, for the onset of a genuine, well-marked attack of in- 
fluenza during an epidemic of the same disease is very typical. Its 
abruptness, with rapid prostration and sharp rise in temperature and 
development of acute catarrhal symptoms, bears very little similarity to 
the ordinary exacerbation of a preéxisting tuberculosis. Later, after 
the course has become less acute, and when pulmonary complications 
may have developed, the distinction is not so clear. In addition to the 
42 patients just mentioned, 5 others probably had influenza, but the his- 
tory of the attack was less clear-cut, making 47, or 23.6 per cent; 2 
others possibly had influenza, but as there was some doubt of it they 
were eliminated. 

Of the 42 who had definite influenza, 18 knew they had tuberculosis 
prior to the attack and 26 in all (8 additional) gave a history of previous 
symptoms presumably due to tuberculosis. In 12 of these either a 
long period, sometimes years, had elapsed during which there had been 
absence of symptoms or apparent quiescence of disease, or else the pre- 
vious symptoms had been slight and the subsequent ones severe or pro- 
gressive, or else there had been evident exacerbation of symptoms in 
cases of long-standing disease with previously only a low grade of ac- 
tivity. Thirteen of the 42 (31 per cent) were perfectly free as far as can 
be determined from any known ‘or presumable clinical tuberculosis prior 
to the epidemic, while in 3 others the previous symptoms suggestive of 
tuberculosis were very indefinite or doubtful. 

In 12 cases out of the 42, or 28 per cent (6 per cent of the total 199), the 
onset of definite clinical tuberculosis appeared to be quite clearly post- 
influenzal, and all but one of these patients showed ‘tubercle bacilli in 
their sputum. In 2 more cases the onset was apparently also post-influ- 
enzal, but there was an intervening period of several months before defi- 
nite tuberculosis showed itself; 1 other case had previously had non-pul- 
monary manifestations of tuberculosis. The present classification of the 
12 definitely post-influenzal tuberculosis cases is as follows: Incipient 1, 
Moderately Advanced 7, Far Advanced 4. Their present prognoses 
appear to be: Favorable 6, Doubtful 3, Unfavorable 3. 

We desire especially to note the group in which tubercle bacilli ap- 
peared in the sputum after the acute infection, since Fishberg (3) leaves 
the impression that this has not been observed. In this connection at- 
tention should also be called to the report of Berghoff (16), who made 
his study at Camp Grant. Of 17 cases of healed or quiescent pulmonary 
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tuberculosis involved in the epidemic, 13 survived and of these, “‘6 cases 
or approximately 50 per cent showed a reactivation and a positive spu- 
tum after an attack of influenza.” The mechanism of reactivation of 
latent or quiescent tuberculosis by influenza has not been determined 
but it may be analogous to the well known tendency of measles, and to 
a less extent of other acute infections, to activate tuberculosis. The 
analogy is strengthened by the observations of Bloomfield and Mateer 
(17) that in influenza as in measles cutaneous sensitiveness to tubercu- 
lin is depressed. 

In order to exemplify the relation of influenza to certain tuberculous 
cases that have come under our observation since the epidemic the 
following case records are abstracted as illustrating various points: 


Case no. 4368. Miss S.,aet. thirty-two, single, American. Definite previous 
illnesses include measles in childhood, appendicectomy in 1915, gastric hemor- 
rhages in 1916 and operation for gastric ulcer in March, 1917. Following this 
operation she had a slow convalescence but she felt well during the subsequent 
winter and resumed her ordinary life. In the spring of 1918 she felt “run 
down” and in May had a small hemoptysis. She was sent to the mountains 
for the summer and was able to resume her usual life in the fall. February, 
1919, she contracted influenza and was ill three weeks with fever to 102°F. 
Her fever subsided but cough persisted. She attempted walking but her cough 
got worse and slight fever appeared. She had pains in the chest and fever 
went to 102°F. She lost weight and strength and had sore throat. Her 
fever persisted. 

Admitted to Loomis Sanatorium, May 19, 1919. 

Diagnosis: Moderately advanced pulmonary tuberculosis. Indications of 
active progressive disease. 

Roentgenological diagnosis: Infiltration of right lung, especially in upper lobe 
where there is an early cavity and at base where there is an area of consolida- 
tion. The left lung markings appear to be within normal limits. 

Sputum: Positive in March, 1919, and at intervals since then. 

Course in sanatorium: Following hemoptyses, artificial pneumothorax was 
induced on right. This was continued with partial alleviation of symptoms 
from June 1 to July 11, 1919, when signs of disease in left lung appeared. 
Since then course of disease has been active and progressive and the prognosis 
is unfavorable. 


This case represents in our opinion a definite reactivation of disease fol- 
lowing influenza. There is little question that there was a rapid exten- 
-sion of the lesion in the right lung, since competent examination had dis- 
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closed only a limited involvement previous to the attack, and sanatorium 
treatment seemed not necessarily indicated. The diagnosis of influenza 
was also made by a competent physician. 


Case no. 4417. Mrs. M., aet. twenty-six, married, Cuban. Previous health 
good. Measles followed by typhoid fever in February, 1918. During course 
of latter patient had one hemorrhage from the mouth. However, it seems 
probable that she really had typhoid fever, as she was ill six weeks and had sev- 
eral large hemorrhages from the bowel. Nocough. Made good recovery and 
was well until she contracted influenza in October, 1918. Was ill in bed with 
fever ten days. Since then persistent cough and expectoration and recurrent 
fever. In December, 1918, had pains in right side and back and several weeks: 
later (December 20) coughed up several ounces of blood. Following this had 
high fever for a week or ten days; slight rises afterward. In bed two weeks. 
Came to America May 30, 1919, and rested in a boarding house in Liberty. 

Admitted to Loomis Sanatorium July 31, 1919. 

Diagnosis: Moderately advanced pulmonary tuberculosis. Indications of 
slight clinical activity. 

Roentgenological diagnosis: Consolidation and cavitation in right lower lobe 
(below fourth rib) with few light parenchymatous deposits above this. 

Sputum: Positive for tubercle bacilli since admission. 

Course in sanatorium: Patient gained weight and was considerably over- 
nourished. Cough and expectoration persisted and patient had irregular 
intervals of fever up to 101.8°F. (rectal). 
$ Discharged December 6, 1919, as “improved.” 


Here the lesion is almost entirely basal. It seems probable that there 
was a preéxisting quiescent or latent pulmonary lesion but definite and 
persistent symptoms of activity did not appear until after the influenzal ' 
attack. The anatomical distribution and the sequence of symptoms 
alone would present a picture to be confused with non-tuberculous post- 
influenzal infection, the sputum examination being the determining 
diagnostic factor. : 


Case no. 4373. Mr. B., aet. twenty-one, single, American. Previous health 
good. Measles and pertussis in childhood. Attended school and college and 
was a member of the Students’ Army Training Corps, from which he was dis- 
charged in good physical condition December 17, 1918. March, 1919, had 
epidemic influenza. At end of a week left bed and three or four days later re- 
sumed college studies. Was tired and listless and physician discovered fever 
that lasted over a week. Slight cough and expectoration, the latter contain- 
ing no tubercle bacilli in several examinations. Patient returned home and 
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rested outdoors and then took treatments (baths, massage, etc.) at a health 
resort. 

Admitted to Loomis Sanatorium May 24, 1919. 

Diagnosis: Moderately advanced pulmonary tuberculosis. Indications of 
slight clinical activity. 

Roenigenological diagnosis: Heavy infiltration of right upper; less marked of 
right middle lobe. Moderate grade of infiltration of left upper lobe. Proba- 
bly cavitation in right upper. 

Sputum: Negative for tubercle bacilli in March, 1919; positive May 15, 
1919, and at intervals since then. 

Course in sanatorium: Disease has become quiescent, patient is free of promi- 
nent symptoms and the prognosis seems favorable. 


In this case a normal healthy individual is free from all symptoms of dis- 
ease previous to an attack of influenza. The logical conclusion is that 
influenza was the agent instrumental in kindling anatomical or dormant 
tuberculosis into clinical disease. 


Case no. 4516. Mr. L., aet. twenty-four, married, American. Previous ill- 
nesses included measles, pertussis and scarlet fever in childhood. Health 
otherwise good although habits of life were irregular. In October, 1918, pa- 
tient contracted influenza and was in bed four weeks. During this time de- 
veloped cough and expectoration which has persisted ever since. Also spat 
up blood several times. Returned to work, but feeling of weakness and 
malaise, together with cough and expectoration, persisted. In April and May 
had night sweats. Went to Catskill Mountains for two months with benefit; 
gained weight and cough was better. On returning home, however, symptoms 
recurred. Several physicians told patient his trouble was post-influenzal. 
Finally in September, 1919, sputum was found positive for tubercle bacilli. 

Admitted to Loomis Sanatorium January 12, 1920. 

Diagnosis: Moderately advanced pulmonary tuberculosis. Indications of 
moderate clinical activity. 

Roentgenological diagnosis: Parenchymatous infiltration of upper half of right 
lung with scattered light deposits in lower half; moderate cavitation of upper 
lobe. Infiltration of upper third of left lung with multiple small cavities. 
Few light deposits in lower half. 

Sputum: Positive for tubercle bacilli in September, 1919, and on admission 
to sanatorium. 


Here again a healthy individual develops clinical tuberculosis immedi- 
ately following influenza. The record of previously good health and 
sequence of events as noted provides evidence convincing though neces- 
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sarily presumptive. The story in this instance is a protest against ig- 
noring the possibility of tuberculosis as one of the sequelae of epidemic 
influenza. Because of such oversight this patient was denied proper 
treatment for more than a year, and the prognosis is proportionately less 
favorable. 

CONCLUSIONS 


1. We do not consider that conclusive evidence has been presented 
that tuberculous individuals possess an immunity to epidemic influenza 
not possessed by the nontuberculous. Where there has been a lower 
rate of incidence in a tuberculous group we believe careful investigation 
will reveal other factors to account for it. 

2. What evidence we possess does not lend any support to the belief 
that the usual severity of an influenza attack is less among the tubercu- 
lous than among the nontuberculous; on the contrary pulmonary com- 
plications seem equally frequent, and our statistical records indicate that 
the case fatality of influenza among the tuberculous was higher than 
among the general population. \ 

3. In a certain number of individuals—a number large enough to 
deserve serious consideration—epidemic influenza marks the inception 
of definite pulmonary tuberculosis which did not previously exist as 
clinical disease. The onset of pulmonary tuberculosis following influenza 
may be rapid and immediate, or insidious and remote. In a few cases 
the course of the pulmonary lesion is rapidly progressive. Webelieve 
that to ignore or deny the possibility of pulmonary tuberculosis as a 
sequela is to unduly defer diagnosis and treatment of a number of pa- 
tients requiring treatment, with resulting limitation of their chances for 
recovery. 

4, Among those already tuberculous, influenza MAy to a varying de- 
gree reactivate quiescent or apparently inactive lesions. Such reactiva- 
tion may be marked by a temporary exacerbation of symptoms of short 
duration or by the classical evidences of a severe relapse,—progressive 
loss of weight and strength, persistent malaise, fever and night sweats, 
persistently increased cough and expectoration, hemoptyses, pleurisy, 
and definite progress in the extent and degree of pulmonary involvement. 
That a large number do not pursue such a course and escape definite 
permanent damage is not denied. 


We desire to acknowledge with thanks helpful suggestions made by Doctor Bertram H. 
Waters, Physician-in-Chief of the Loomis Sanatorium. 
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THE USE OF SODIUM GYNOCARDATE “A” IN 
PULMONARY TUBERCULOSIS! 


MAX BIESENTHAL 
Chicago 


One of the many preparations used in former generations in the treat 
ment of pulmonary tuberculosis was chaulmoogra oil. Apparently the 
drug did not prove effective inasmuch as we do not find it mentioned 
in modern text books as a medicinal remedy for consumption. 

Sir Leonard Rogers in an article in the Indian Journal of Medical 
Research of October, 1917, reported 12 cases of leprosy treated with ex- 
ceedingly good results by the use of a sodium salt of this oil. This salt 
is known as sodium gynocardate “A”. Rogers suggested in his paper 
that, inasmuch as there existed a similarity in the structure and bacteri- 
ology of the bacillus of leprosy and the bacillus of tuberculosis, sodium 
gynocardate might be of value in the treatment of pulmonary tubercu- 
losis. 

Acting on this suggestion, I imported some of the salt from Messrs. 
Smith, Stanistreet and Company, of Calcutta, India. A3 per cent solu- 
tion in sodium citrate was prepared, placed in ampules of 2 mils each 
and sterilized in an autoclave. The contents of the ampules were given 
intravenously. One injection was given each week. Reactions indi- 
cated by dizziness, chills and rise of temperature have been noted in 
the cases treated for leprosy. On this account I hesitated in repeating 
the injections at shorter intervals than once in seven days except in the 
3 cases noted in the case reports. 

In the report on the leprosy cases, improvement was manifested ‘ a 
reduction in the duration of the reacting parts and gradual absorption 
of the nodules. Usually fever was present for several days. Broken 
down bacilli from the tubercular deposits were noted. 

In the hope that a somewhat similar reaction and subsequent improve- 
ment might be obtained in pulmonary tuberculosis, I treated 10 patients 
from my service at the County Hospital and at the Chicago-Winfield 


1 Read at the March, 1920, meeting of the Robert Koch Society of Chicago. 
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Sanatorium. The patients were not advised that a new cure for his 
disease was being used. They were told that the medicine was being 
given to eradicate their anaemia. By so doing, I felt that I would do 
away with the possibility of what has been termed a physchological 
improvement, and could note the true drug value as indicated by relapse 
to the condition that obtained previous to treatment. 


CASE REPORTS 


Case 1. E. M., an adult woman with moderately advanced tuberculosis. 
‘She had a steady afternoon temperature of 100° to 102°F. The sputum 
‘showed numerous tubercle bacilli. She received ten injections over a period of 
ten weeks. She complained of slight dizziness and some local pain after each 
injection. After the tenth injection she still showed as many tubercle bacilli 
as before the institution of the treatment. Her physical findings were more 
marked. The patient is still living but her general condition is very poor. 


Case 2. D. R., an adult male with a moderately advanced pulmonary 
tuberculosis. His afternoon temperature ranged from 98.6° to 100°F. The 
sputum showed from 20 to 30 tubercle bacilli to a field. He had no reactions 
with any of the ten injections given at intervals of one week. At the end of 
this time he did not show any improvement either in his physical findings or 
in the number of bacilli in his sputum. 

Case 3. F. W., an adult male with a bilateral apical tuberculosis. His af- 
ternoon temperature was usually normal. His sputum showed from 3 to 5 
tubercle bacilli to the field. He did not show any improvement after his ten 
injections either in his physical findings or the number or characteristics of the 
bacilli in the sputum. 


Case 4. C. Y., an adult male who had been ill for a period of one year. 
He had a tuberculous lesion of the right upper lobe.% His sputum showed 
from 0 to 1 bacillus to a field. No change was noted in either the lung findings 
or in the bacillary content of the sputum. 


Case 5. §S.B.,an adult female who developed tuberculosis after an attack 
of the “flu” a year ago. She had an acute bilateral upper lobe tuberculosis. 
Her sputum was strongly positive. Her temperature ranged from 98.6° to 
100°F. Following ten weekly injections, a physical examination revealed a 
marked extension of her disease. 
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Case 6. J.C., an adult male of twenty-seven. He had an acute involve- 
ment of his entire right lung. He had had repeated small pulmonary hemor- 
rhages. His sputum was positive and he had a constant afternoon elevation 
of temperature. In seven weeks he received ten injections. No improvement 
in physical signs, sputum or temperature was noted. 


Case 7. C. M.A., young girl of twenty with an active lesion of the left 
apex. Her sputum showed 1 to 2 bacilli to the field. Her afternoon tempera- 
ture was normal. Ten injections over a period of ten weeks apparently were 
without good results inasmuch as neither the lung condition nor the sputum 
findings were changed. 


Case 8. J. W., an adult male with a bilateral moderate advanced tubercu- 
losis. He had innumerable bacilli to every field. The X-ray findings con- 
firmed the physical findings. No improvement was noted either in his lung 
condition or in his sputum findings after ten weekly injections. Two months 
after his last injection he had a very severe pulmonary hemorrhage. 


Case 9. J.S., an adult male with a bilateral upper lobe involvement. 
sputum showed 2 to 3 bacilli to a field. No change of any kind was noted 
after ten injections covering a period of eight weeks. 


Case 10. I. L., an adult male admitted to the hospital as a far advanced 
case. He had an involvement of the entire right lung and the upper lobe of 
the left. Numerous cavities were present in both lungs. These findings were 
in accordance with the X-ray examination. He was given a weekly injection. 
With each treatment he had an elevation of temperature of one degree and 
also complained of a transient dizziness. Three days after his ninth injection 
he died as the result of a tuberculous bronchopneumonia. 


SUMMARY 


It is to be noted that with the exception of two cases, the injections: 
were not followed by reactions of any type. 

No patient showed a change for the better in his physical findings. 

No sputum changes from positive to negative were noted. 

That while the number of cases cited is small, I am inclined to the 
belief that sodium gynocardate ‘‘A” is without value as a therapeutic 
agent in the treatment of pulmonary tuberculosis. 
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SECONDARY INVADERS OF TUBERCULOUS LUNGS 


JOHN N. HAYES 
Pitisburgh, Pennsylvania 


The prominence given to secondary infections of the lungs, as im- 
pressed by bacteriological findings in our army hospitals during the 
measles and pneumonia epidemics, and later, all over the country and 
abroad during the pandemic of influenza, has largely been directed 
toward the haemolytic streptococcus. The importance of various 
pathogenic organisms in tuberculous lungs was stressed years ago by 
many writers. Lartigau (1) and Prudden (2) give references to this 
earlier work. The latter injected streptococcus pyogenes intratracheally 
into rabbits which had received B. tuberculosis by the same route and 
produced cavities in practically all of them; the controls injected with 
B. tuberculosis alone showed only caseous consolidation. From his 
experiments, Prudden “‘emphasizes the importance of definite and in- 
telligent measures for warding off complicating lesions by scrupulous 
attention to hygiene and sanitation, and especially the avoidance, in 
ways suggested by our modern notions of cleanliness, of common sources 
of aerial infection.” At the same time Fraenkel and Troje, and Baum- 
garten tried to minimize the importance of these secondary invaders. 
“Tt is the belief at present that the formation of a cavity is due in large 
part to the presence of secondary infections with the various pus-pro- 
ducing organisms. These organisms produce a liquefying necrosis of the 
caseous area and thus hasten their breaking down”’(Norris and Landis(3)). . 

The early workers found in the cavities and caseous areas of a large 
number of cases an organism which they called streptococcus pyogenes; 
but the pneumococcus was a frequent invader, and the surprising thing 
in our work has been the very low percentage of the latter. It was 
found but three times. It is not to be expected, however, that the same 
organism will be the principal secondary invader of tuberculous lungs 
in all sanatoria, for the great variety of organisms associated with the 
pneumonias following influenza has been striking. 

The autopsies, in the course of which these cultures were taken, were 
performed on young soldiers at U. S. A. General Hospital 19, Oteen, 
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North Carolina, from January to early September, 1919. Observers, 
who had been familiar with the pathology of tuberculosis for years, fre- 
quently remarked on the great amount of consolidation, the voluminous, 
firm appearance of the lungs, the large size and the number of cavities, 
and the enormous amount of pus found in them and in the trachea. In 
the negroes, especially, these features were noticeable; and practically all 
of the colored men, who made up fully 50 per cent of the autopsies dis- 
cussed here, came from one ward of very sick men. That acute infec- 
tion was occurring is shown by the fact that 13 empyemata are consid- 
ered in this series, 10 of which were complicating pulmonary tuberculosis. 
In 2 of these there was rupture of the lung, 1 being multiple. The evi- 
dence of acute infection of the lungs, superimposed on a tuberculous 
process, was more evident during the winter and spring months, during 
which time streptococcus haemolyticus was more frequently found. This 
organism was found in the throats of 66 per cent of infirmary ward pa- 
tients. It seems hardly necessary to say that the carrier state assumes 
a very great importance in patients with a chronic cough and sputum, 
such as practically all of these men had. 

Cultures were taken at nearly every autopsy from the lungs, especially 
from cavities, caseous and gray consolidated areas, and from the heart’s 
blood and various exudates. The materials were streaked on blood 
agar plates and planted in broth. Streptococcus haemolyticus was 
identified by its chain formation and principally by its small rounded 
colony surrounded by a wide zone of haemolysis, strikingly so in these 
cultures, with no apparent greening. An attempt was made to identify 
all organisms as far as it was possible in the busy routine. The findings 
of Pfeiffer’s bacillus were not accepted until the small Gram negative 
bacillus, which grew in typical colonies on blood agar, failed to grow on 
plain agar in twenty-four hours. Greening colonies were always tested 
for solubility in bile. 

This review covers the bacteriological findings in the 77 cases which 
were cultured from 90 consecutive autopsies. Cultures were made from 
56 lungs. Streptococcus haemolyticus was found pure 9 times, with 
Pfeiffer’s bacillus alone twice, with Pfeiffer’s bacillus and other organ- 
isms 4 times, and with various other organisms 17 times. However, of 
these 56 lungs cultured, only 52 were tuberculous. Pfeiffer’s bacillus 
was found pure twice and with organisms other than streptococcus 
haemolyticus twice. Staphylococcus aureus was found 12 times, thrice 
pure; and Staphylococcus albus 15 times, always with other organisms. 
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Of the 4 nontuberculous lungs cultured, one showed no growth, one 
haemolytic streptococcus pure, one Streptotoccus haemolyticus with B. 
coli and one M. catarrhalis with B. coli. Table 1 shows the more im- 
portant organisms found in the lung and the number of times they were 
found pure, and with other organisms. By “pure” is meant that only 
one type of organism was found in the various lung cultures, whether 
they were taken from cavity, caseous area, or exudative area of caseous 
broncho-pneumonia, or from all of these, as many were. 


TABLE 1 
The more important organisms cultured from lungs 


S.H., Streptococcus haemolyticus; B.I., Bacillus influenzae (Pfeiffer); S.Au., Staphylo- 
coccus aureus; S.Al., Staphylococcus albus; G + B, Gram positive bacillus; G-B, Gram 
negative bacillus; N.H.S., Streptococcus non-haemolyticus; $.V., Streptococcus viridans. 


TABLE 2 
Cultures of tuberculous cavities 


* These include pneumococcus type II once, Streptococcus viridans once, haemolytic 
streptococcus three times, M. catarrhalis once, Gram negative bacillus twelve times. 


These autopsies were all performed on young soldiers and the number 
and the size of cavities in their lungs were remarkable. Many of these 
were full of a thick pus, often mucoid in character. It was notable that 
the streptococcus haemolyticus was found more commonly in these 
cavities in the winter and spring months. In fact, the same remark 
applies to all of the cultures taken from the various sources. Table 2 
shows the results of cultures of 37 cavities in 25 cases. 


S.H. 
B. 1. 2 
S.H. and 11 
B.I. pure 2 
B.I. and 3 
S.Au. pu + 
S.Au. an 8 
S.Al. pur 1 
* Ott 15 
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The tuberculous process in the lungs of these soldiers spread remark- 
ably throughout these organs and the caseous bronchopneumonic areas, 
usually confluent, were notable in almost every case. An attempt was 
made to culture the caseous grayish yellow portions by inserting a fine 
loop just under the seared surface of these areas. Table 3 shows the 
results of these cultures in 40 cases. 

Gross and microscopic evidence of acute pneumonia was seen in a 
number of these lungs. Cultures were sometimes taken from consolid- 


TABLE 3 
Cultures of caseous areas of caseous bronchopneumonia 


Pneumococcus Type IV 
S.Al. (haemolytic pure) 


* These include S.Al. (non-haemolytic) four, B. coli twice, diphtheroid bacillus once, 
' anhaemolytic streptococcus once, undetermined four. 


TABLE 4 


GRAY AREAS EXPRESSED PUS 


S.H. and others 

B.I. and others 

Pneumococcus Type IV 


ated lobules showing gray hepatization and in other cases from drops 
of pus which could be expressed from the lung. Table 4 shows the 
results of these cultures. 

During the winter and spring months there was nearly always so much 
glairy pus in the trachea that, in removing both lungs together, it was 
necessary to clamp it to prevent spreading the pus over the cadaver. 
The cultures in fifteen cases were taken with a loop of pus from the lumen 
of the trachea where it was transected at the apex of the thorax. The 
results are interesting enough to give in detail: Streptococcus haemo- 
lyticus pure 2, with Pfeiffer’s bacillus alone 1, with Staphyloccocus albus 


~ 1 
1 1 
1 1 
1. 
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alone 1, with a Gram negative bacillus alone 1, with Staphylococcus albus 
and Pfeiffer’s bacillus 1, with Pfeiffer’s bacillus and pneumococcus type 
III 1; haemolytic Staphylococcus albus pure 1; Staphylococcus aureus 
pure 1; Streptococcus viridans pure 1; pneumococcus type II and Strep- 
tococcus viridans pure 1; pneumococcus type II and Staphylococcus 
aureus 1; and 2 contaminated cultures. 

Empyema was found in 10 cases showing pulmonary tuberculosis and 
in 3 cases in which the lungs showed no gross tubercle formation. Of 
the tuberculous cases 5 had pure haemolytic streptococcus in the pleural 


TABLE 5 


CULTURES FROM HEART BLOOD PERICARDIAL FLUID 


aree 


1 
2 
6 


* Usually Gram negative bacilli, not routinely studied. 


pus, and of the non-tuberculous 2. Staphylococcus aureus alone was 
the infecting organism in 1 of the tuberculous cases associated with 
empyema. In addition 19 cultures were taken from pleural effusions, 
serous and sero-fibrinous. Streptococcus haemolyticus was found alone 
in 8, no growth occurred in 3 and the remainder showed staphylococci 
or Gram negative bacilli. 

Cultures were taken from the heart blood in 55 cases and from the 
pericardium in 52 cases. The results are shown in table 5. These 
materials were put into broth, and the next day transferred to blood agar 
plates and further studied when necessary. The finding of Pfeiffer’s 
bacillus twice in the heart blood, once with Streptococcus haemolyticus 
and once with Staphylococcus albus, is notable. The Streptococcus vir- 
idans was cultured only from the heart blood of the case in which it was 
found. Streptococcus haemolyticus was found once with an anhaemo- 
lytic streptococcus which was in the pericardial fluid. In the autopsy 


4 
Non-haemolytic 2 
S.Au. and pneumococcus Type 1 
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in which Pfeiffer’s bacillus was cultured with Streptococcus haemolyticus 
from the heart blood, they were also found together in a cavity in the 
lung, in a caseous area, and in a drop of pus expressed from the lung. In 
this case haemolytic streptococcus was found pure in the empyema pus. 
In an interesting case of Staphylcocccus aureus septicaemia in which the 
staphylococcus alone was found during life, a few colonies of haemolytic 
streptococcus were found with the Staphylococcus aureus from the heart 
blood at autopsy. This man also had pulmonary tuberculosis and acute 
tricuspid endocarditis. 

A survey was made in some of the infirmary wards which contained 
the sickest patients and of some of the patients on arrival at the receiv- 
ing wards. Blood agar plates were inoculated with swabs from the 
throats in 346 instances, and with washed sputa from the same group 
343 times. The swabs gave 231 positive haemolytic streptococcus cul- 
tures, or 66 per cent, and the sputa 202, or 58 per cent. Of the swabs, 
22 were “‘repeats”” made a month later and 2, which were negative in 
the first instances were again negative, while 19 which were negative 
the first time were now positive. Of negative sputa, 16, which were 
re-cultured, were now all positive for the streptococcus. This small 
number, which included most of the negative cases on the first culturing 
in three wards, offers good evidence of bed-to-bed infection with the 
streptococcus. It was thought that the patients in the hill, or conval- 
escent, wards would not harbor this organism to the same extent, but 
this expectation was not borne out, for, of these patients in one ward, 
the swabs gave 19 positive and 2 negative, and the sputa 16 positive 
and 4 negative results. But their plates did not show as much haemol- 
ysis as those inoculated with material from 1-3, a ward of very sick 
colored men. Neither was the expectation that there would be marked 
differences between the swab and the sputum results borne out. Haemo- 
lytic streptococcus was carried by a large number of patients to this 
hospital, for of 138 patients arriving here, swabbed at the receiving 
ward on entrance, 97 or 70.2 per cent, were positive, and of their sputa, 
88, or 63.7 per cent, were positive for the streptococcus. 

In attempting this survey of the prevalence of the streptococcus in a 
carrier state in these patients, it was hoped that it might be possible to 
segregate, in at least a few of the “‘sickest” wards, the carriers from the 
non-carriers. This idea did not have a fair trial, and, as might be an- 
ticipated, it had no apparent effect on the frequency of this organism at 
autopsies. Bed-to-bed infection was noticed. 
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The various bacteria cultured from the lungs and the principal lesions 
in each autopsy are recorded in table 6. With only a few exceptions the 
lungs not cultured were X-rayed in the inflated state immediately after 
removal, and were then fixed intact. As it would have been manifestly 
impossible to know exactly what areas would be cultured by puncture 
of these lungs, their bacteriology was neglected. The organisms noted 
as Gram negative bacilli resembled B. coli. As it was desirable to per- 
form these autopsies before the staff, and as many of the deaths occurred 
during the night, eight and ten hours often intervened between death 
and post mortem examination. The bodies were kept in a refrigerator. 
Practically all of the diagnoses mentioned as “miliary tuberculosis” 
were localized, as in liver, and infection had occurred recently before 
death. When only one positive sign is seen after the autopsy number 
(A), the organism occurred pure and was usually cultured from several 
lesions in the lung. Autopsy 62 took place on May 2, 1919, and it will 
be noticed that most of the streptococci were found before that date. 
The enclosure of the autopsy number in parenthesis denotes that in this 
case the lung was not tuberculous. 


CONCLUSIONS 


Streptococcus haemolyticus was found in a large percentage of the 
throats and, from the finding of them in washed sputa, probably deeper 
in the respiratory tract of these tuberculous soldiers. It spreads, as is 
well known, from carrier to non-carrier. It is frequently found at au- 
topsy in the caseous areas and cavities of their lungs, and in various exu- 
dates, which are evidence of acute inflammations. It and other patho- 
genic organisms are probably factors in the cavity formations which 
were very frequent in these autopsies, for this organism was often found 
in the caseation which precedes cavitation. 

The practice in military hospitals for the tuberculous of treating large 
numbers of patients in wards emphasizes again the importance of mixed 
infections of the lung and the necessity of combating it. 


The author is much indebted to Mr. W. G. Gibbs, formerly of the Sanitary Corps, and 
to Second Lieutenant J. P. Bogges, S. C., U. S. A., for assistance in taking and studying 
these cultures. 
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AN EXPERIMENTAL STUDY OF THE ACTION OF 
ULTRAVIOLET LIGHT ON THE INTRADERMIC 
TUBERCULIN REACTION 


EDGAR MAYER 
Saranac Lake, New York 


Although cutaneous sensitiveness to the ultraviolet ray has long been 
recognized, little attention has been paid to this in experimental work. 
Protection afforded by the shutting out of white light in the handling of 
smallpox (1) has been alleged to reduce the extent of skin lesions and 
degree of fever and almost to prevent subsequent scarring. Likewise 
skin manifestations of pellagra (2) may have a strong dependence upon 
light for their origin. In work under tropical sunlight, Sellards (3) 
briefly mentions results in local anaphylaxis, observing changes due to 
the influence of the sun rays upon the redness and edema of skin 
reactions. 

Karczag (4) studied the effect of sunlight on the allergy of albino 
and pigmented tuberculous guinea pigs. His findings are interesting 
enough to mention in detail: (1) The inguinal glands after infection 
were larger in white pigs than in pigmented ones; this difference did 
not: vary with exposure to light until after seventeen days, when those 
exposed to light showed larger glands than the unexposed. (2) Allergy, 
in albinos exposed to light, judged by the skin tuberculin reaction, was 
greater than in pigmented pigs, but as the disease advanced it dimin- 
ished in the former and increased in the latter. (3) In comparison 
with the unexposed, those exposed to light showed greater allergy; and 
as the disease progressed, the former lost much more than the latter. 
(4) In animals with advanced disease that had previously avoided 
light it was found that the allergy did not increase with exposure. (5) 
The white animals finally showed a greater mortality than the pigmented. 
Rémer (5): noted differences in intracutaneous tuberculin reactions 
between white and pigmented guinea pigs. The albinos after twenty- 
four hours showed intense redness, resembling blood extravasation, 
_ while the colored pigs reacted chiefly with swelling and this only after 
forty-eight hours. 
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The following experiments were undertaken to note any possible 
effects of the ultraviolet light, radiated from the mercury vapor-quartz 
lamp, known as the “Alpine Sun Lamp,” upon the intradermic tuber- 
ulin reaction in tuberculous guinea pigs; as well as any variation in 
‘skin reaction to be got from the injection of tuberculin which had been 
previously exposed to the ultraviolet rays, and the results of similar 
intradermic injections and ultraviolet exposures in tuberculous patients. 

The quartz-light emits mostly ultraviolet rays and very few of the 
other rays. ‘‘The spectrum of sunlight is a continuous one, reading 
at low altitudes up to A 300uy. The spectrum of the quartz-light is 
interrupted; it extends much further into the ultraviolet than the sun- 
light spectrum. Around \ 200uy it contains bands of far greater inten- 
sity. These extreme ultraviolet rays set up irritation in substances 
that are otherwise unaffected by daylight.” (11). 


EXPERIMENTS 


Twelve guinea pigs were inoculated intraperitoneally with 0.01 mgm. of a 
suspension of living human tubercle bacilli (known at the Saranac laboratory 
as H37). Three weeks later the intradermic test was performed as follows: 

1. Controls: Three pigs shaved on right and left sides over an area about 
6 by 6 cm. in size. Right side: Intradermic test with 0.1 cc. containing 
0.001 gram O.T. Left side: Intradermic test with 0.1 cc. of physiological 
saline solution. Readings made in twenty-four, forty-eight, and seventy-two 
hours 

2. Three pigs similarly shaved. Right side: First exposed to the ultra- 
violet light through the smallest diaphragm (40 mm. diameter) for ten to 
fifteen minutes at a distance of 3 inches; then after one-half hour or six hours, 
intradermic injection of 0.1 cc. containing 0.001 gram O.T. into exposed 
areas. Left side: Intradermic injection of 0.1 cc. containing 0.001 gram 
O.T. (No lamp exposure). Readings made in twenty-four, forty-eight and 
seventy-two hours. 

3. Three pigs similarly shaved. Right side: Intradermic injection of 0.1 
cc. containing 0.001 gm. O.T.; then the inoculated area exposed immediately 
or in two hours to the lamp for ten to fifteen minutes at a distance of 3 inches. 
Left side: Intradermic injection of 0.1 cc. containing 0.001 gram O.T. (No 
lamp exposure). Readings made in twenty-four, forty-eight and seventy-two 
hours. 

4, Old tuberculin, so diluted in 0.85 per cent salt solution as-to have 1 cc. 
contain 0.01 gram, or 0.1 cc. contain 0.001 gram, poured into an open sterile 
Petri dish and the whole dish with tuberculin exposed uniformly to the lamp 
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for three-quarters to one hour at a distance of 2 feet in a closed room, barring 
the entrance of any daylight. Three guinea pigs shaved as before. Right 
side: One-tenth cubic centimeter of the exposed tuberculin dilution injected 
intradermally. Left side: One-tenth cubic centimeter non-exposed, diluted 
O.T. injected intradermally. Readings made in twenty-four, forty-eight and 
seventy-two hours. 

5 and 6. Second and third sets of guinea pigs used for repeating tests. 

7. Patients with a small skin area on the forearm, exposed to the lamp 
for five to seven minutes at a distance of 3 to 10 inches, through a diaphragm 
about 3 by 4 inches; 0.1 cc. containing 0.0001 gram O.T. given intradermally, 
both before and after exposure to the lamp. Finally, tuberculin exposed to 
the lamp as in 4 given intradermally to patients. 


REMARKS ON ANIMAL EXPERIMENTS 


In a first set of guinea pigs, the intradermic tests were performed 
three weeks after the infection; and the results as shown below were not 
uniform enough to permit conclusions. Accordingly, a new set of guinea 
pigs (5) was inoculated subcutaneously into the groin with 0.1 cc. of a 
suspension of living human tubercle bacilli (H37) which on microscopic 


examination showed three to four bacilli to a field; and these animals 
were given the intradermic test ten to fourteen days after infection. 
Their results are given below, but were upset by an epidemic of chronic 
bronchopneumonia which killed off the majority. A third set of six 
guinea pigs (6) was inoculated intraperitoneally with a suspension of 
0.01 mgm. of living human bacilli (H37) and were tested intradermally 
two weeks after injection, and their results are tabulated below. 


RESULTS OF EXPERIMENTS 


In the pigs, reacting to the control intradermic test, the indura- 
tion appears as thickened skin of a bluish green ‘color, surrounding a 
central pallor and this gradually fades outward toward a zone of ery- : 
thema. The area of erythema is easily distinguished from the sur- 
rounding tissue. Some of these reactions did not disappear in two weeks. 
The difference in extent of the reaction between control areas and those 
exposed to sunlight appeared in many instances as a decreased indura- 
tion and erythema on the exposed side, although this result was not 
uniform enough to make it an expected result. Only very rarely, how- 
ever, did the tuberculin reaction on the exposed side surpass that on the 
unexposed, and this was in animals only. 


. 
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In estimating the intensity of the skin reaction, Krause (6) offers a 
scale of reaction as follows: ‘‘Hyperemia; hyperemia and induration; 
hyperemia, induration and necrotic center; hyperemia, induration and 
necrotic-hemorrhagic center. Any marked hyperemia after twenty-four 
hours without induration is a rarity. An atypical reaction is induration 
with very slight hyperemia or induration with blanched skin.” He 
recorded his induration by one plus, two plus and three plus. 

In the earlier of these experiments the first few animals were exam- 
ined before twenty-four hours to observe any hastening of the appear- 
ance of the skin reaction, and as this did not occur it was not looked 
for again. However, Hollmann (7) published some work to the effect 
that light did have a hastening influence in this way. 

The erythema due to the tuberculin reaction was frequently difficult 
to distinguish from the light burn. The redness due to the light gen- 
erally appeared best in a few hours, although in the albino pigs it 
might appear immediately after exposure. To obtain a noticeable burn, 
the animals were exposed at least ten minutes at a distance of three 
inches which was the amount used for albinos. In exposing tuberculin 
to the light, exposure for one-half hour at a distance of 4 feet caused 
little change in its reacting power; but a very definite loss and occa- 
sionally absence of intradermic reaction followed the use of tuberculin 
that had been exposed for three-quarters of an hour ormore to the lamp at 
the same distance. The oxidizing power of the lamp might possibly be 
such as to destroy proteins, or, according to Petersen’s views (8), the 
enzyme-producing power of the tuberculin might conceivably be thus 
weakened. 

That the ultraviolet rays can definitely affect proteins has been 
shown by Schanz (11). He exposed to light the albumen of the lens of 
the eye, egg albumen and serum albumen. With all three he was regu- 
larly able to bring about changes. He concluded that “‘in dialyzed egg 
white solutions the easily dissolved egg albumen is changed by light 
into a substance which is dissolved with great difficulty.” By further 
study of the absorption spectra, he showed that it was the ultraviolet 
ray of the light that caused these changes. In addition he exposed a 
large number of organic substances to light, such as acetone, formalde- 
hyde, acetaldehyde, lactic acid and potassium iodide,—substances 
whose solutions were clear and colorless; and he found that the most 
intense change occurred in those which absorbed the ultraviolet rays 
most. These organic substances in the presence of quartz-light were 
broken up into their elements and radicles. 
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The first experiments were carried out in 1916 and a similar set re- 
peated in 1919. The recent results closely approached those obtained 
before and are, therefore, not tabulated. The difference between exposed 
and unexposed sides was possibly less than in the animals previously 
used. However, a decreased reaction on the exposed side was a fairly 
common result. 


RESULTS OF TESTS ON PATIENTS 


In addition to the animal experiments, the intradermic test was 
performed on five patients who had acquired sunlight pigmentation 
(tanning). Oneforearm, well tanned, received 0.1 cc. containing 0.0001 
gram O.T. intradermally; and the other, unpigmented, received a simi- 
lar dose. The result showed little difference other than a slight diminu- 
tion in extent of the reaction on the pigmented side. 

Five other patients received an intradermic injection of 0.1 cc., con- 
taining 0.0001 gram O.T., into both forearms; and during the following 
twenty-four hours the one side was shielded from diffuse daylight and 
the other exposed to it. In these cases absence or presence of light 
did not appreciably affect the reactions. 

In the patients tested in 1916 and 1919 we noted that the exposed 
area usually showed a decreased reaction in comparison with the unex- 
posed. This seemed to be so whether or not the patient showed a 
marked burn. In severe burns the reaction to O.T. will be masked by 
edema and redness. Erythema due to the burn was not easily differ- 
entiated from that caused by the tuberculin reaction itself, although on 
pressure the redness due to the burn, after disappearing, returned almost 
immediately while the erythema from the tuberculin reaction returned 
much more slowly. On injecting tuberculin into the arm, following the 
exposure there was usually a more rapid disappearance of the tuberculin 
with less formation of a bleb than in the controls. In two instances 
the reaction on the exposed area was simply delayed, appearing defi- 
nitely twenty-four hours after that on the unexposed side and equalling 
the latter in extent at ninety-six hours. 

There seemed little difference in the reaction between those receiving 
the lamp exposure before and those receiving it after the tuberculin 
injections; therefore it would not suggest that the lessened reaction on 
the exposed area as compared with the control was due to the direct 
action of the ultraviolet ray on the injected tuberculin. It may be 
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possible that this diminished or delayed reaction on the exposed area is 
due merely to the hyperemia caused by the exposure rather than to a 
definite local tissue change, since it would seem highly improbable to 
obtain the latter after such short light exposures. Definite local tissue 
changes might be more likely to occur when tanning has taken place, 
but in the few pigmented patients used there was only a slight decrease 
of reaction in the burned area. 

Following more recent views on the specific power of the skin to pro- 
duce antibodies in response to local irritation, could we not here be- 
lieve that there is an increased antibody formation as a result of ultra- 
violet stimulation? Wichmann (9) has published observations of rapid 
healing of internal and external tuberculosis after the appearance of 
tuberculids. He believed this due to the large number of antibodies 
suddenly thrown out by the skin and tried to show this by histologic 
studies. In accordance with this theory we find also that the percu- 
taneous method of applying tuberculin is gradually claiming more 
adherents abroad. 

In order to determine whether sharply defined differences in reaction 
can be obtained by the use of minimal reacting doses of tuberculin, 
further experiments will be carried out. Light may have influenced 
the reaction, but not enough to- make itself evident when sufficient 
excess of tuberculin was present to produce a reaction. Rémer (10) 
found that the most susceptible guinea pigs reacted intradermally to 
0.000,002 gram tuberculin. He graduated his solutions in tenths so 
that he did not try doses between 0.000,000,2 gram and 0.000,002 gram. 

Tuberculin exposed to the lamp as mentioned before under animal 
experimentation was also injected intradermally into the arms of ten 
patients and showed a definitely lessened reaction and in some instances 
absence of same, while the control gave marked reactions (figures not 
charted). 

This action on tuberculin might be one of the means by which the 
ultraviolet ray combats superficial tuberculosis. 


SUMMARY 


1. The intradermic tuberculin test in guinea pigs and patients often 
gives a reaction of lessened extent when the injected area is treated 
locally with short exposures of the ultraviolet rays either before or 
after injection. Recently tanned skin also gives a slightly lessened 
reaction. 
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2. Tuberculin exposed for a sufficient length of time (forty-five min- 
utes at a distance of 2 feet) to the ultraviolet rays loses markedly, and 
at times entirely, its power to cause intradermic reactions. 


The writer expresses his gratitude to Dr. Edward R. Baldwin for his interest and sug- 
gestions. 
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PROTOCOLS OF EXPERIMENTS 
SKIN REACTIONS ON GUINEA PIGS 


First set: October 31, 1916. Infected with 0.01 mgm. of living tubercle bacilli (H37) 
intraperitoneally. 


1. Controls: three pigs. 


RIGHT: 0.001 GRAM. 0. T. INTRADERMALLY LEFT: PHYSIOLOGICAL SALINE 
Induration Erythema Induration Erythema 
24 hours 15x17 mm. 18 x 22 mm. 0 0 
No. 1 +48 hours 10x 12 mm. 15 x 30 mm. 0 0 
72 hours 10 x 12 mm. 0 Roa. 0 
24 hours 0 3x 5mm. No reaction 
No. 2 ; 48 hours 2x 4mm. 10 x 12 mm. No reaction 
72 hours 4x 8mm. 12 x14 mm. No reaction 
| 
24 hours 6x10 mm. 10 x 20 mm. No reaction 
No. 3 4 48 hours 4x12 mm. 10x 12 mm. No reaction 
72 hours 2x 6mm. 6x 8mm. No reaction 


a 


2. Three pigs. Exposure to the lamp for twelve minutes at 3 inches followed by 0.001 
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gram O.T. intradermally in one-half hour. 


RIGHT: LAMP EXPOSURE, FOLLOWED BY O. T. 


LEFT: 0. T. ALONE 


Induration 


Erythema 


Induration 


Erythema 


24 hours 
No. 1448 hours 


72 hours 


24 hours 
No. 2 448 hours 
72 hours 


24 hours 
No. 3 4 48 hours 
72 hours 


10 x 16 mm. 
14x 22 mm. 
14x 16 mm. 


12 x 14 mm. 
3x 6mm. 
3x 3mm. 


12 x 13 mm. 
6x 8mm. 
4x 6mm. 


16x 18 mm. 
16x22 mm. 
16 x 18 mm. 


5x10 mm. 
8x10 mm. 
6x 6mm. 


16 x 18 mm. 
10x 12 mm. 
6x 8mm. 


24x 32 mm. 
15 x 30 mm. 
10x25 mm. 


10 x 12 mm. 
8x10 mm. 
6x 6mm. 


10 x 12 mm. 
8x10 mm. 
7x10 mm. 


30 x 40 mm. 
30 x 40 mm. 
24x 32 mm. 


15 x 18 mm. 
10x12 mm. 
7x 8mm. 


12 x 14 mm. 
12x12 mm. 
12 x 14 mm. 


Result: A rather uniform slightly lessened reaction on exposed side. 


3. Three pigs, injected intradermally with 0.001 gram O.T., followed immediately by the 


lamp exposure. 


RIGHT: O. T. FOLLOWED BY THE LAMP 
EXPOSURE 


Induration 


Erythema 


Induration 


Erythema 


24 hours 
No. 1 4 48 hours 
72 hours 


24 hours 
No. 2 ; 48 hours 
72 hours 
24 hours 
No. 3 {48 hours 
72 hours 


0 


10 x 20 mm. 
10x 10 mm. 
3x 4mm. 


3x 5mm. 
8x10 mm. 
4x 5mm. 


15 x 20 mm. 
13 x 14 mm. 


10x 12 mm. 
12 x12 mm. 


0 


4x 6mm. 
6x 8mm. 
6x 8mm. 


18 x 22 mm. 
15x18 mm. 
7x10 mm. 


14x 22 mm. 
18 x 12 mm. 
4x 6mm. 


0 


8x10 mm. 
10 x 12 mm. 


9x10 mm. 
6x 15 mm. 
0 


30 x 30 mm. 
15x18 mm. 
22 x 26 mm. 


0 
3x 5mm. 
4x 6mm. 


0 
14x 18 mm. 
20 x 30 mm. 


Result: No. 1 shows diminished reaction on exposed side, but No. 2 and No. 3 do not. 
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4, Three pigs. Injected with O.T. which has been exposed to the lamp for three-quarters 
of an hour at a distance of 2 feet. 


RIGHT: EXPOSED O. T. USED 


LEFT: ORDINARY O. T. 


Induration 


Erythema 


Induration 


Erythema 


24 hours 
No: 1448 hours 
72 hours 


24 hours 
No. 2 ; 48 hours 
72 hours 


24 hours 
No. 3448 hours 
72 hours 


0 
0 
0 


12 x 16 mm. 


0 
0 


13 x 20 mm. 
10 x 12 mm. 
4x 5mm. 


3x 4mm. 
2x 4mm. 


0 


0 
0 
0 


10x 12 mm. 
13 x 16 mm. 
6x 8mm. 


4x 6mm. 
4x 6mm. 
2x 2mm. 


20 x 20 mm. 
22 x 25 mm. 
10x 12 mm. 


16 x 30 mm. 
12 x 13 mm. 
10x 12 mm. 


May 24, 1917. 


a. Controls: Three pigs. 


Result: Marked lessened reaction on the right side. 


5. Second set. Infected May 12, 1917, subcutaneously with 0.1 cc. of an emulsion of 
tubercle bacilli, showing about three bacilli to a microscopic field. Tested intradermally 


RIGHT: 0.001 GRAM O. T. 


LEFT: SALINE 


Induration 


Erythema 


Induration 


Erythema 


24 hours 
No. 1 448 hours 


72 hours 


24 hours 
No. 2 ; 48 hours 


72 hours 


11x22 mm. 
6x10 mm. 
0 


8x 8mm. 
6x 10mm. 
5x &mm. 


22 x25 mm. 
10x 12 mm. 
0 


14x 16 mm. 
15 x 20 mm. 
10x 12 mm. 


ooo 


ooo 


No. 3 died of bronchopneumonia. 


b. Three pigs; exposed to the lamp and then inoculated intradermally with O.T. 


RIGHT: LAMP EXPOSURE, THEN O. T. 


LEFT: T. 


Induration 


Erythema 


Induration 


Erythema 


24 hours 
No. 1 {48 hours 


72 hours 


8x10 mm. 
10x 12 mm. 
12 x 14 mm. 


16x 18 mm. 
15x20 mm. 
12 x 18 mm. 


13x 15 mm. 
14x 18 mm. 
18 x 15 mm. 


18 x 20 mm. 
19 x 22 mm. 
16x 18 mm. 


Result: Lessened reaction on exposed side. Nos. 2 and 3 died of bronchopneumonia. 


|| 
0 
0 
0 
0 
5x12 mm. 
7 0 
3 
q 
a 0 0 
4 0 0 
q 0 0 
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c. Three pigs, inoculated with O.T. and then followed with the lamp exposure. 


RIGHT: 0. T. THEN LAMP EXPOSURE 


LEFT: T. 


Induration 


Erythema 


Induration 


Erythema 


24 hours 
No. 1448 hours 


8x 10 mm. 
4x 6mm. 


12x 14 mm. 
15 x 20 mm. 


3x 5mm. 
2x 4mm. 


4x 6mm. 
12x 16 mm. 


72 hours 2x 4mm. 6x 8mm. 3x 5mm. 8x 10 mm. 


Result: Greater reaction on the exposed side. Nos. 2 and 3 died of bronchopneumonia 


d. All three pigs died of bronchopneumonia. 


6. Third set. Infected June 10, 1917, intraperitoneally with 0.01 mgm of a suspension. 
of living tubercle (human) bacilli. Tested June 24, 1917, intradermally. 


a. Control: One pig. 


RIGHT: 0.001 GRAM O. T. LEFT: SALINE 


Induration 


Erythema 


Induration Erythema 


24 hours 


hours 


11x22 mm. 
10x 12 mm. 


22 x 25 mm. 
20 x 20 mm. 


No reaction 
No reaction 


b. Two pigs, exposed to the lamp and then followed by O.T. intradermally. 


RIGHT: LAMP EXPOSURE, THEN 0. T. 


LEFT: T. 


Induration 


Erythema 


Induration 


Erythema 


24 hours 
No. 1 {48 hours 
72 hours 


24 hours 
No. 2 + 48 hours 


72 hours 


4x 8mm. 
4x 6mm. 
0 


10x 18 mm. 
8x10mm. 
0 


4x10 mm. 
6x 10 mm. 
5x 9mm. 


12 x 20 mm. 
20 x 20 mm. 
14x 14 mm. 


4x 6mm. 
3x 4mm. 
6x 6mm. 


8x 10mm. 
8x 8mm. 


0 


10 x 12 mm. 
18 x 18 mm. 
12 x 14 mm. 


12x10 mm. 
10x 12 mm. 
0 


Result: Lessened reaction on the exposed side in No. 1, but greater in No. 2. 


c. Two pigs, inoculated with O.T. followed by lamp exposure. 


RIGHT: O. T. FOLLOWED BY LAMP EXPOSURE 


LE?T: O.T. 


Induration 


Erythema 


Induration 


Erythema 


24 hours 
No. 1 4 48 hours 
72 hours 


72 hours 


24 hours 
No. 2 448 hours 


0 
0 
0 


0 
2x 4(?) 
0 


3x 5mm. 
6x ‘8mm. 
3x 5mm. 


10x 12 mm. 
10x 10 mm. 
6x 8mm. 


10x 12 mm. 
6x 7mm. 
5x 6mm. 


12 x 20 mm. 
10 x 15 mm. 
8x10 mm. 


Result: Lessened reaction on exposed sides. 
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d. Two pigs, inoculated with O.T. which had been exposed to the lamp for forty-five 
minutes at a distance of 2 feet. 


RIGHT 


: EXPOSED O. T. 


LEFT: ORDINARY O. T. 


Induration 


Erythema 


Induration 


Erythema 


24 hours 
No. 1448 hours 
72 hours 


24 hours 
No. 2 4 48 hours 
72 hours 


3x 5mm. 
6x 7mm. 
3x 5mm. 


8x 10mm. 
6x 7mm. 
8x10 mm. 


8x10 mm. 
10x 12 mm. 
6x 8mm. 


10x 12 mm. 
7x 9mm. 
7x 9mm. 


10 x 12 mm. 
4x10 mm. 
2x 3mm. 


12 x 14 mm. 
7x 8mm. 
10x 12 mm. 


10 x 25 mm. 
22 x 20 mm. 
13x 15 mm. 


15 x 25 mm. 
10x 15 mm. 
12x15 mm. 


Result: Lessened reaction on exposed sides. 


7. Table of results in ten patients: 
a. Five patients exposed their right forearms to the lamp for five minutes at a distance 
of 3 to 10 inches through a diaphragm of 3 by 4 inches, followed immediately or in one hour 
by an intradermic injection of 0.001 gram O.T., in amount 0.1 cc. Left forearm received 
the intradermic test with no lamp exposure. 


RIGHT: EXPOSED 


LEFT: NOT EXPOSED 


Induration 


Erythema 


Induration 


Erythema 


24 hours 
48 hours 
72 hours 
96 hours 


24 hours 
48 hours 
No. 2 


72 hours 
(96 hours 


No. 1 


(24 hours 
48 hours 


No. 34 


72 hours 
(96 hours 


24 hours 
48 hours 
No. 4 72 hours 


96 hours 


24 hours 
48 hours 
72 hours 
96 hours 


No. 5 


0 
10x 12 mm. 
20 x 20 mm. 
15x17 mm. 


0 
Marked burn 
ful reaction 


0 
10x 10 mm. 


? burn 
4x 6mm. 


2x 3mm. 
3x 4mm. 
Burn ? 

0 


ooo 


4x 6mm. 


10 x 10 mm. 8x10 mm. 
? Marked burn | 20 x 20 mm. 

? 20 x 20 mm. 

18 x 20 mm. 15 x 18 mm. 
0 2x 2:min. 

with doubt- 2x 2mm. 
5x 5mm. 

0 


5x 5mm. 
? Marked 
burn 
? burn 
10x 10 mm. 


Burm 


10 x 12 mm. 
17 x 20 mm. 
Burn ? 
12 x 20 mm. 


Burn 


oooo 


Marked burn 


0 


0 
0 


2x 3mm. 


4x 5mm. 
5x 6mm. 
5x 5mm. 
10 x 12 mm. 


2x 3mm. 
8x10 mm. 
10x 10 mm. 
10x 12 mm. 


20 x 25 mm. 
25 x 35 mm. 
25 x 25 mm. 
18 x 20 mm. 


10x 15 mm. 
10 x 12 mm. 


10x 10 mm. 
12 x 14 mm. 


15x25 mm. 
25 x 30 mm. 


15 x 20 mm. 
8x 10 mm. - 


22 x 35 mm. 
18 x 22 mm. 
15 x 20 mm. 
15x 20 mm. 


7x 7mm. 
12 x13 mm. 
15 x 20 mm. 
18 x 20 mm. 


Result: Uniformly lessened reactions on exposed arms. 


| 


ACTION OF ULTRAVIOLET LIGHT ON SKIN TEST 111 


b. Five patients received in their right forearms intradermally 0.0001 gram O.T. in 0.1 
cc. amount, followed in one-half hour by an exposure to the lamp from five to seven min- 
utes at a distance of 5 inches through a diaphragm 3 by 4 inches. Left forearm, received 
the intradermic test with no lamp exposure. 


RIGHT: EXPOSED LEFT: UNEXPOSED 


Induration 


Erythema 


Burn 


Induration 


Erythema 


24 hours 
48 hours 
72 hours 
96 hours 


No. 1 


0.2 48 hours 
72 hours 
96 hours 


hours 


(24 hours 


48 hours 
72 hours 
(96 hours 


24 hours 
48 hours 
72 hours 
96 hours 


24 hours 
48 hours 
172 hours 
96 hours 


0 


0 
0 
0 


8x 3mm. 
12 x 14 mm. 
10 x 10 mm. 
10x 10 mm. 


10 x 19 mm. 


10 x 10 mm. 


3x 4mm. 
10x 11 mm. 


0 


12x12 mm. 
10 x 10 mm. 
12 x 20 mm. 


0 


10x 12 mm. 
8x 10 mm. 
9x 9mm. 


0 
0 
0 
0 


20 x 12 mm. 
20 x 20 mm. 
12x12 mm. 
18 x 20 mm. 


25x35 mm. 


15 x 20 mm. 
13 x 15 mm. 
15 x 16 mm. 


0 
16x 18 mm. 
20 x 20 mm. 
16 x 30 mm. 


0 
15x15 mm. 
11 x 10 mm. 
11x12 mm. 


Marked 


Slight burn 


A deeper red 
than left 
side 


3x 4mm. 
2x 3mm. 


0 
0 


7x 7mm. 
2x 3mm. 
10x 12 mm. 
8x12 mm. 


10x 10 mm. 


10 x 12 mm. 
4x 5mm. 
10x 12 mm. 


11x10 mm. 
13x 15 mm. 
10 x 10 mm. 
12 x 20 mm. 


10x 10 mm. 
12 x 12 mm. 
11x10 mm. 
9x 9 mm. 


15x15 mm. 
15 x 20 mm. 
12 x18 mm. 
10 x 12 mm. 


30 x 30 mm. 
12x 14 mm. 
15 x 20 mm. 
12x 18 mm. 


25 x 35 mm. 


20 x 20 mm. 
20 x 20 mm. 
16x 18 mm. 


30 x 50 mm. 
20 x 25 mm. 
20 x 25 mm. 
16 x 32 mm. 


18 x 20 mm. 
30 x 32 mm. 
15 x 20 mm. 
11x12 mm. 


Result: Lessened reaction on exposed side in Nos. 1, 4 and 5, but not uniformly in Nos. 


2 and 3. 
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A CLASSIFICATION TO FACILITATE THE SELECTION OF 
PATIENTS FOR WORK IN A TUBERCULOSIS 
SANATORIUM 


WILLIAM T. CANNON 
Bureau of Hospitals, Department of Health, New York City 


The many workers in the tuberculosis field have differed greatly in 
regard to the amount of exercise they considered proper for the patient 
to take. The more radical have advocated laborious work such as road 
building, masonry and ditch digging, while at the other extreme are 
those who are strong advocates of the rest treatment with the addition 
of calisthenics and walking for exercise. 

Recognizing physical exercise as a therapeutic measure, patients at 
the Municipal Sanatorium! are expected to perform a sufficient amount 
of work to insure physiological reaction on the part of the various tissues 
(skin, glands, muscles, etc.), which, if left dormant for a considerable 
time would, through their failure to functionate, retard the patient’s 
recovery. The tasks assigned are shown in the appended charts. Every 
assignment made is under the direct supervision of a hospital physician 
who sees every patient daily. The whole question of work assignments 
in the sanatorium is secondary to the medical direction in the care of 
the patients. Work is assigned always as a therapeutic measure. It 
will be seen by referring to the charts, that in many instances the work 
assignment is nothing more nor less than an expedient, used to divert 
the thoughts of the patient from his physical condition to other things. 
Recently the literature of tuberculosis has been enriched by such terms. 
as vocational therapy, graduated exercise, rehabilitation, occupational 
therapy, reconstruction, vocational education, vocational training, etc., 
all of which simply mean that the tuberculosis patient is expected to do 
some form of work. 

The policy pursued at the Municipal Sanatorium since it was opened 
in 1906 has been one of graduated exercise in the form of work, the 


1 This paper was written as the result of experience obtained while Physician in Charge of 
the Municipal Sanatorium of the City of New York, Otisville, Orange County, New York. 
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amount and character of the latter depending on the condition of the 
patient. 

The theory upon which this system is based is: 

First. Most patients are benefited by a certain amount of exercise in 
the form of work because it tends to keep the various organs of the body 
functionating in a proper manner. 

Second. It keeps the mind occupied and thus prevents them from 
thinking of the condition of their lungs. 

Third. The fact that they are able to work tends to give them a con- 
tented spirit which is an essential factor in the treatment of tuberculosis. 

Patients at the Municipal Sanatorium are expected to do from two to 
four hours work daily, always provided their physical condition permits; - 
the amount depending on the judgment of the Resident Physician. If 
they perform four hours work, it is so arranged that they do two hours 
in the morning and two in the afternoon. This work consists of the 
various activities necessary to the conduct of the Sanatorium. The 
tasks assigned them will be shown in detail later in chart form. In this 
connection, it should be mentioned that with few exceptions the class 
of patients received at this Sanatorium are those who are dependent 
upon manual labor for a livelihood. 


PATIENT EMPLOYEES 


' When a patient’s condition improves to such an extent that he feels 
able to take a paid position, he makes application to the Resident Physi- 
cian who examines him and if, in his opinion, the patient is physically 
fit, he puts his name on his list of applicants for paid positions. When 
a vacancy occurs, the Resident Physician submits this list to the Phys- 
ician in Charge who looks up the history of each applicant on chart 
4 and makes his choice accordingly. 

The advantages derived by the patients having paid positions are: 

First. His economic rehabilitation before his return home, the idea 
being to pay a nominal salary which enables the patient to supply his 
various needs while at the Sanatorium. If he works long enough, he 
should have a surplus remaining which will support him on his return 
to the city until he is able to secure the kind of employment he is best 
suited for. He would otherwise be compelled to take the first position 
offered, owing to his urgent need of funds. 


114 WILLIAM T. CANNON 


Second. The fact that he has been working during his stay at the 

sanatorium will make it infinitely easier for him to take up his work on 
his return to the city, than it would otherwise have been if he had spent 
all his time in resting and in addition the weight he has gained will be 
much more apt to remain with him. 
_ The advantage the sanatorium derives from its patient employees is 
one of economy, as it is enabled to avail itself of labor at very much less 
cost than if regular city employees were used, thus reducing the running 
expenses by thousands of dollars a year. , 

When patients are admitted to the sanatorium they are expected to 
rest for the first sixteen days, during which time those who do not de- 
velop elevation of temperature, rapid pulse or other adverse symptoms 
make their own beds and during the second week do light shack work. 
On the eleventh day they begin their daily walks accompanied by a 
walking captain. These walks are ten minutes in duration, morning 
and afternoon, on the first day; and increase ten minutes each day until 
they walk one hour morning and afternoon. On the sixteenth day, at 
the completion of their afternoon’s walk of one hour, they are inspected 
by the resident physicians who take note of how they react to it in regard 
to pallor, rapid pulse, dyspnoea, etc. 

During their stay in the reception shacks, the resident physicians 
have an excellent opportunity to observe the patients and become thor- 
oughly familiar not only with their physical condition but also their 
temperament, which helps them greatly in making their work and shack 
assignments. 

The frequent changes in the staff personnel, which was much depleted 
during the period of the war, in addition to the handicap of a falling 
census and the admission of a poorer type of case, made it necessary for 
me to classify the patients so that their selection for work assignments 
would be simplified and placed on a scientific basis. As there are over 
300 positions in the sanatorium filled by patients, both paid and non-- 
paid, it can be seen how important it is to have the patients classified. 

The advantages of this classification are as follows: 

First. It gives the physician in charge the opportunity to find out 
quickly the condition of all the patients and puts him in a position where 
he can select the patients for paid positions and advise, when called 
upon, in the selection of patients for regular work assignments. 

Second. It also puts him in a position where he can quickly decide 
if a patient who complains of his work assignment has a legitimate 
reason for complaint. 
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Third. It helps the resident physicians immeasurably in making 
their work assignments and is of great aid to their chief clerks who occa- 
sionally have to make a change in assignment at the last moment, in the 
absence of the resident physician, owing to the sudden illness of a 
patient, previously assigned. 

The first step found necessary in classifying the patients, upon the 
basis of work assignment, was to revise the present accepted classifica- 
tion of tuberculosis to meet the immediate requirements. To render it 
more simple, we shall speak of incipient A as 1A, moderately advanced 
A as 2A, far advanced A as 3A, etc. , 

All patients were then divided into four classes: 


The class A cases we consider the ideal patients for the great ma- 
jority of our paid positions and some non-paid positions where the work 
is fairly hard; such as maids in the patient nurses’ home and the maid 
who cleans the dining hall. 

The class B cases we consider to be well enough to fill easy paid posi- 
tions when we are unable to obtain class A cases; such as clerk in the 
linen room, postmistress, postmaster and bath attendant, as the hours 
in these positions are short and the work not hard, and in non-paid 
positions where the work is much easier than that done by class A cases. 

The class C cases were rarely used except when we were unable to 
obtain class B cases and then only in positions such as librarians, tem- 
perature clerks and weather clerk where the work attached to the posi- 
tion was nil and they had plenty of time to sit down and rest. 

Class D was put in to complete the classification. The patients com- 
ing under this class are bed cases and should be under care in tubercu- 
losis hospitals and not in a Sanatorium, although we had quite a num- 
ber of that type of cases. 


1A 
3A 
2B 
1C 
3C 
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In making out this classification of patients, it was found convenient 
to make up four (4) charts as follows: No. 1, Work classification; No. 2, 
Work assignments; No. 3, Weekly census and stage of disease; No. 4, 
Patient’s history and past work assignments. 

Chart 1: Work classification. On this chart are shown the four classes, 
A, B, C, and D, under which are placed all the positions filled by pa- 
tients in the Sanatorium under the headings class A, class A or B, class 
B, class B or C. Under class A are placed the great majority of paid 
positions and a few non-paid positions where the work is considered 
fairly hard such as dining hall maid and maids in patient nurses’ home, 
etc. Under class A or B are placed those paid positions where the hours 
of duty are short and the work not hard and non-paid positions such as 
waicresses, dishwashers, laundry workers, etc. All cases coming under 
this classification are filled preferably from class A but could be filled by 
patients coming under class B when we are unable to obtain them from 
class A. Under class B are placed most of the remaining non-paid posi- 
tions such as office clerks, pantry maids, linen room assistants, etc. 
The work done by the patients coming under this heading is light and 
rarely averages more than three hours per day. Under class B or C are 
placed the few remaining positions such as librarians, temperature clerks, 
dietitian’s clerk, etc. The work attached to these positions is so light 
that it can be done by class C cases but we rarely use cases coming 
under this heading, except when we are unable to obtain class B cases. 

Chart 2: Work assignments. On this chart are shown positions filled 
by the patients in the sanatorium, both paid and non-paid. It enables 
the physician in charge and the resident physicians to tell at a glance 
what each patient in his respective class is expected to do each day 
and the number of hours his work assignment calls for. 

Chart 3: Weekly census and stage of disease. ‘This chart consists of a 
weekly census of each unit with the stage of disease of each patient to 
the right of his name. These census sheets are carried around by the 
physician in charge and have proved of great value to him when he 
wished to know what stage a patient was in whom he met on his daily 
rounds. 

Chart 4: Patients’ history and past work assignments. This chart, 
which is made large enough to cover a period of three months, gives a 
brief history of each patient under the following headings: Date of 
admission, Stage of disease, Name, Age, Previous occupation, Present 
occupation, Weight on admission, Present weight, Sputum, Date of 
week ending. 
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Moderately advanced A. 


Class A 


eos eee Incipient B 
Class B Moderately advanced B 
Far advanced A 


Class advanced B 
Incipient 
Moderately advans ed 


Class D 
Far advanced C 
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OLASS A 
— 4 Patient nurses Pemale Infirmary 


1 Captain Reception shack 

1 Maida Germicide Building 

1 Forelady Laundry 

1 Telephone operator Operates switchboard 

1 Maid Female dining hall Non-paid 


CLASS A or B 
1 Postmistress Paid 
2 Dishwashers Female Infirmary Non-paid 
19 Waitresses, 2nd setting " dining hall e " 
8 Mangle workers Laundry 


CLASS B 
3 Clerks Office of Resident Physician Non-paid 


1 Assistant captain Reception shack 
8 Pantry maids Female dining hall 
3 Women Sewing room 


CLASS B or C 
1 Librarian Non=paid 


MALE UNIT 


CLASS A 
1 Orderly - day Male Infirmary 


1 Laboratory chief Laboratory 
1 Head waiter Male dining hall 
1 Dishwasher - machine 


2 Drivers 
2 Blanketmen Collect blankets and bedding Non-paid 


CLASS A er B 
rnacist Dispensary Paid 
2 Meal carriers Male dining hall Non-paid 
1 Houseman Staff House. 
2 Gardeners 


CLASS B 

Messengers Non-paid 
1 Walking captain Charge of daily walks . ” 
3 Silverwashers Male dining hall 


4 Servers, 2nd setting 


GLASS B or 
4 Clerks Take patients’ temperatures Non=paid 


Cuart 1. Work CLASSIFICATION 
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PEMALE UNIT 


Admits and instructs new patients 12M to 12M 


eeption Shack as to the care of sputum, person=- Assigned 6 hres. 

pee A (1) al cleanliness etc. Gives each On oall when i 
Paid patient a copy of the rules and needed. by 
or is held responsible for their 


strict observance. Takes ; 
temperatures, gives out q 
medicines and cares for sick 
patients under supervision of 
nurssde 


Feed mangle and fold clothes. 1 PM to 4 PM 


angle workers 
Work 4 days a week. 


ase A or 5 (8 
Non-pa 
wing room Mend institutional linen. Make 9 AM to 12M : 
Clase B towels, pillow cases, nurses' 4 


fon-pald uniforms and do whatever mend- 
ing is required. 


ibrarian Is responsible for books in 4 PM to 7 PM 
ass B or © (1) library and keeps record of Assigned 2 1/2 hrs. 


“‘Yon-paia books loaned to patients. Keeps 
library clean. 


MALE UNIT 


Serves meals uncer direction of 8 AM to 8 PM 
nurse and waits on bed patients. Assigned 8 hrs. 
Gives bed baths twice weekly. 

Sees that each patient washes 

his hands.and uses mouth wash 

before each meal. Assorts and 

takes all soiled linen to linen 

room daily. 


eal carriers Garry meals to bed patients in 6.45 AM to 8 AM 
Class A or B (2) sub-standard and outside shacks. 11.30 AM to Fae og Pu 
Non=-paiad 4.30 PM to PM 

Assigned 2 3/4 bre. 


fervers = 2nd setting Dispense all food for second 7215 AM to 8.15 AM 
Class B ce) setting. ; 12.15 PM to 1.15 PM 
on=pa. 5.15 PM to 6.16 FM 
lerks Enter temperatures, weights, 10 AM to 12 M 
ass B (4) sputum, urine, blood and dental 2 PM to 4 PM 
Non=paid examinations on'‘charts. 


On the above chart eight (8) positions taken from Chart No. 1 are shown 


The original Chart Noe 2 shows 


ith their duties and hours of assignment. 
futies and hours of assignment of the one hundred and fifty six (186) 


Positions shown on Chart No. l- 


CHART 2. Work ASSIGNMENT 
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The above chart shows the initials and stage of disease of forty six 


(46) patients whose names were selected from the original Chart No. 3 which 


contains the names of all the patients in the Sanatorium arranged in 


alphabetical order. 


Caart 3. WEEKLY CENSUS AND STAGE OF DISEASE 
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The work assignment of new patients and changes in assignment of 
older patients are made every Saturday afternoon by the resident 
physicians assisted by their chief clerks. At this time the ward chart 
-of each patient is carefully gone over and temperature, pulse rate and 
‘weight for the previous week noted, after which the resident physician 
refers to charts 1 and 2 and makes his assignments according to the 
stage of disease of the patients and their adaptability for the positions 
to be filled. These lists of new assignments are posted in each dining 
‘hall and a copy given to the physician in charge, resident physicians and 
their chief clerks. As these lists show the assignments at the beginning 
of each week and chart 4 under the heading, “week ending,” shows the 
assignments for the previous week with the changes, if any were made, 
it can thus be seen that the physician in charge has in his possession a 
complete record of the work assignments of all assigned patients in the 
‘sanatorium. 

Chart 4 was made up for the use of the physician in charge and has 
proved invaluable as an aid to him in the assignment of patients to paid 
positions. For instance, if a certain paid position is to be filled, it is 
but a few moments’ work for him to look through the chart and pick 
out those patients who had a position similar to the one to be filled prior 
to their admission, the stage of disease, and whether or not they have 
gained in weight. He can also see what their work assignments for the 
past few weeks have been and if they have lost any time through ill- 
ness. When the physician in charge has selected from this chart the 
patient whom he considers the proper one for the position in question, 
it is a simple matter to ask the resident physician to look over the 
patient’s ward chart and report to him what his medical history has been 
since admission. It can thus be seen how much easier this is than it 
would be to have the resident physician look through each ward chart 
consecutively as he formerly did when he wished to find a patient to 
fill a vacant position. 


‘ 


IDEALS IN THE TREATMENT OF TUBERCULOSIS 


THE IDEAL SANATORIUM, THE IDEAL PHYSICIAN, THE IDEAL- 
NURSE, AND THE IDEAL PATIENT! 


S. ADOLPHUS KNOPF 
New York 


Among the ideals, hopes and dreams, to the realization of which I look: 
forward, now that our victorious war has come to a close, is the eradica- 
tion of tuberculous disease. I am grateful for this opportunity to give 
expression to these thoughts for which I could hardly have a better 
occasion than the anniversary of the founding of a sanatorium which 
is among the institutions that have always striven towards the goal 
of the ideal. May I therefore hope that you are willing to listen for a 
few moments to my conception of what is to be understood by an ideal 
sanatorium as an institution for the tuberculous, an ideal physician 
for tuberculous patients, an ideal tuberculosis nurse, and an ideal. 
patient who is or has been afflicted with tuberculosis and who may or 
who may not have passed through a sanatorium. 

The ideal sanatorium is one which, in proportion to its capacity ac- 
complishes the greatest amount of good for the greatest number of people. 
The good which it accomplishes is manifested by the manner in which 
the institution deals with its patients and the interest it takes in their 
physical, mental, and even spiritual welfare during their sojourn within 
its precincts; and also by the continued interest it takes in the economic 
as well as the physical well-being of the patients discharged from the 
institution. The typical sanatorium strives to live up toitsname, It is- 
called sanatorium from the Latin word sanare, to heal, and is a healing 
institution. It is not a sanitarium, from the word sanitas, health, which 
rather means a health resort where people often go for more or less 
nervous and often only imaginary ailments. The primary function of 
the ideal sanatorium for the tuberculous is to heal the patient, to heal 


1An address delivered at the Fifteenth Anniversary of the founding of the Gaylord 
Farm Sanatorium, Wallingford, Connecticut, September 13, 1919, to an audience of phy- 
sicians, laymen, and several hundred ex-patients of the Sanatorium. 
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completely all those for whom it is possible. For those who have not 
arrived at the sanatorium early enough to become completely healed, 
it strives to arrest the disease and improve the condition of the patient 
and to accomplish an economic cure; that is to say, build up the pa- 
tient’s physical and mental condition and give him the necessary train- 
ing by teaching him what he can and what he cannot do, so that he 
may safely be trusted to go out into the world again and earn his living. 

Since the majority of tuberculous patients are recruited from the lab- 
oring classes, it has always seemed to me best, and experience has borne 
it out, that we should treat and cure these patients in the same or nearly 
the same climate in which they will have to live and labor after their 
restoration to health. While the cure of the consumptive individual in 
his home climate may often require a longer time, in the end there is an 
advantage to be gained from this. As a rule, relapses are fewer and the 
cures more assured and lasting than those obtained in milder climates. 
We need not therefore look far away for the location of our ideal sana- 
torium. The best climate for the average pulmonary patient, in the 
earlier and more hopeful stages of the disease, is the one where extremes 
of temperature are not too great, and where the air is pure with relatively 
little humidity, much sunshine, and all the conditions which permit the 
patient to live comfortably out of doors the greatest number of days of 
the year and the most hours out of the twenty-four. 

The ideal sanatorium should of course be well built and well equipped. 
Experience in the United States has demonstrated that the cottage and 
small pavilion plan, originated by Trudeau, with special infirmary and 
administration building, is far superior for all kinds of cases, early and 
advanced, to the one-house system in vogue in European sanatoria. 
Where the ground is expensive, as it usually is near large centers of 
population, the ideal sanatorium, particularly for a public, charitable or 
semi-charitable institution, should be composed of pavilions or King 
lean-tos, accommodating from 10 to 20 patients each; and, if possible, 
connected with one another and the administration building by covered 
galleries which in rainy weather may serve as. a promenade for the 
patients. The most serviceable ward, pavilion, or cottage is one which is 
constructed so that the patients’ bedrooms connect with the porch and 
the beds can be moved outdoors whenever the weather and the patients’ 
condition permit, thus giving the greatest amount of fresh air by day 
and by night. No matter what the arrangements for outdoor life may 
be, baths and dressing rooms should be warm; and a southern expos- 
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ure for bedrooms and porches is of course the best in our temperate 
zone, as well as in colder regions. 

The ideal sanatorium is also supplied with all the modern appliances 
for diagnosis and treatment of the disease, such as completely equipped 
laboratories for the examination of sputum and urine and for serodiag- 
nosis, and an X-ray outfit permitting thorough fluoroscopic and stereo- 
scopic examinations and the taking of good X-ray photographs. There 
should be one or several darkrooms equipped for laryngological and 
ophthalmological examinations, an inhalatorium, hydrotherapeutic ap- 
pliances, massage rooms, one or several artificial pneumothorax appa- 
ratuses, and an operating room where urgent surgical operations can be 
performed. Last, but not least, a dental chair with a competent dentist 
will be necessary to render ideal service to an institution which will 
meet all the requirements of modern phthisiotherapy. 

The modern conception of the tuberculosis problem, however, also 
requires the ideal sanatorium to provide work for the prevention of 
relapses after an arrest of the disease has been obtained. To this end, a 
department for what we may call the after-cure, should be established in 
connection with the sanatorium. Here the patient should be specially 
prepared for resuming his former occupation and trained to withstand 
the less favorable environment or conditions to which he will be inevit- 
ably exposed when again going out to earn his living. To overcome the 
flabby muscular condition which results from a prolonged rest cure, the 
patient should be given a course of massage. His respiratory function 
may also have become indolent through the necessarily enforced quiet 
breathing during the active stage of the disease; so his breathing ca- 
pacity should also gradually be developed anew by means of carefully 
graded breathing exercises. The hematosis and circulation in general 
will be vastly improved thereby. If the patient has not become thor- 
oughly accustomed to the daily use of cold water on his body, the after- 
cure division would be a splendid place to train him; for this is the best 
means to strengthen the cutaneous and nervous systems, and thus cause 
the patient to become less susceptible to the invasion of microérganisms 
of ordinary colds and grippes. To this end, a judicious application of 
cold water should be instituted in the form of an ablution or spray, 
beginning with 85° F., going down gradually 5° every few days to 40°. 
The temperature that usually comes out of the cold water faucet is 40° 
to 45°F. Of course, one should always be watchful for a quick and 
complete reaction after the application of the cold water and when this 
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reaction is retarded a return to the warm bed long enough to overcome 
any chilly sensation is advisable. To become chilled by using the cold 
water at too low a temperature or too long at a time should be avoided. 
This is as important as to avoid the direct causes of colds, such as the 
taking in of the microdrganisms known as the bacillus catarrhalis and 
the bacillus of grippe. In times of grippe epidemics one should avoid 
the careless sneezer and careless spitter as individuals principally re- 
sponsible for spreading colds, and the recovered tuberculous patient 
should be doubly careful. 

To the massotherapeutic, respiratory and hydrotherapeutic measures 
just described may of course be added heliotherapy in the form of sun- 
baths, by exposing the chest or the entire body to the rays of the sun, 
under the direction of the physician. 

Beside the reconstructive value of these physiotherapeutic means, 
there is another incontestable advantage to be gained from masso- 
therapy and respiratory therapy. After having been massaged for a 
short time, the patient should himself help toward the redevelopment 
of his muscles by certain calisthenic exercises. ‘These, as well as the 
respiratory exercises, done under careful medical supervision, will show 
whether or not the patient’s disease has really been arrested. We might 
just as well confess that relapses occur even in cases where the physical 
examination revealed no activity and the symptoms had disappeared. 
I have made mistakes in this respect and I believe others have had the 
same misfortune. But now, instead of telling the patient to go to work 
as soon as all the active symptoms have quieted down and only the 
physical signs of an arrested case remain, I start gradual breathing 
exercises and calisthenics and the patient is examined frequently, so as 
to determine whether or not an activity is reawakened. If after four 
to six weeks of preparation by massage, hydrotherapy and respiratory 
therapy, repeated examinations do not reveal any renewed activity, we 
may be reasonably certain that the disease is sufficiently arrested to 
allow the patient to resume physical labor without fear of relapse. 

As long as the patient is on the reclining chair he breathes but little 
and very quietly. Any physical exertion will accelerate the respiratory 
movements and it would seem unwise to allow the respiratory system to 
be submitted brusquely to so great a change as is inevitable when the 
patient begins to do physical labor which cannot be regulated as accu- 
rately as breathing exercises, especially away from the sanatorium. Thus 
even for graded labor, which is of great advantage, the careful prepara- 
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tion by breathing exercises is a safe and valuable procedure, because 
the patient can begin very slowly while yet on the reclining chair. 

In regard to graded labor, or what is now more commonly called occu- 
pational or vocational therapy, the military hospitals for the tuberculous, 
which were created during the last years of the World War, have given 
us a splendid demonstration of the value of giving the tuberculous pa- 
tient something useful to do during his convalescence, and even during 
his acute illness, provided he is not highly febrile. He will usually feel 
happier and more content, eat better, and make a more rapid progress 
toward recovery if he is occupied with something useful in which he can 
take an interest. During a lecture tour for ‘‘The Prevention of Relapses 
in Cases of Arrested Tuberculosis among Soldiers and Sailors,”’ which I 
undertook in the Spring of 1919, it was my privilege to visit the Recu- 
peration Hospital for tuberculous soldiers in Denver, Colorado. There 
all possible occupations and trades were taught to the patients accord- 
ing to their physical condition and individual tastes and aptitudes. 
Crocheting, knitting, typewriting and drawing were given to bedridden 
patients, and wireless telegraphy, carpentry, truck-farming, automobile 
repairing and construction, etc., were taught to the convalescent. It 
would seem to me that the ideal sanatoria of the future, especially those 
established by state or municipality for all classes of people, might in 
this respect very profitably imitate our military and naval hospitals for 
the tuberculous. 

There is one more thing we have learned from our military hospitals 
which we should utilize in our ideal sanatoria, particularly in those 
intended for the genera] public, that is to say, the poor and those of 
moderate means. In these institutions we not infrequently find foreign 
born citizens, and alas, altogether too frequently Americau born citizens, 
who are illiterate. While taking the cure all these so badly in need 
of education should be taught to speak, write and read the English 
language and given the rudiments of a knowledge of civic duties and 
responsibilities without which we cannot have loyal American citizens. 

Even after their recovery patients are not always able to resume their 
former occupations. They may not be physically strong enough to do so; 
or there may be sanitary or other reasons which make a change of occu- 
pation advisable. Occupational or vocational therapy, judiciously ap- 
plied for the tuberculous, will not only help us to obtain a greater num- 
ber of arrests and cures, but will indirectly repay the community and 
state by adding to the wealth of the nation through increased produc- 
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tivity. Occupational therapy has not as yet been practised systemati- 
cally and to the fullest extent at Gaylord Farm, but what has been done 
has resulted in gratifying success. 

It is not polite to become personal, but since my own share in the 
achievements of the Gaylord Farm Sanatorium have been nil, and I have 
only been attached to its staff by courtesy as an honorary director, I 
feel that I have a right to speak of the achievements of this institution. 
Up to the tenth anniversary of the Gaylord Farm Sanatorium, at: which 
it was my privilege to be present, this institution had expended $800,000. 
Now, what have the patients given back to the state in return for these 
expenditures which again made them breadwinners and supporters of 
their families? Dr. Lyman, who has kept a careful record of the earn- 
ing capacity of those who have left the sanatorium as cured or partially 
cured, finds that they have added something like $2,000,000 to the wealth 
of the country since they left this institution. That surely pays even if 
the elimination of a certain number of state liabilities and the decrease 
of the total sum of unhappiness are not taken into account. Ninety 
per cent of the graduates who went to Gaylord Farm in the early stages 
of tuberculosis are in good health after ten years of work. That per- 
centage cannot be exceeded outside of sanatorium ranks. If the first 
thousand men passing a given corner were caught and ear-marked 
to-day it is not likely that 900 of them would be alive and vigorous ten 
years later. In the moderately advanced cases 60 per cent of: the men 
were restored to health at the sanatorium, and 10 per cent even of the. 
dying were turned out well men. That is a statement of literal fact. 
An “advanced” case of tuberculosis is a ‘‘dying case,”’ if the disease is 
left to itself, yet one patient in ten has been restored to fairly good 
health and earning capacity. 

There must be, and fortunately. there are, sanatoria which take care 
of advanced cases, try to improve the condition of the patients, make 
them comfortable and prolong their lives by judicious care and treat- 
ment. They become a haven of rest for the more advanced and less 
hopeful cases among the tuberculous. 

Next to its mission of healing, the ideal sanatorium for the tubercu- 
- lous has a mission to teach. It is a school, a college, where the patients 
can and must learn many things. Any institution for instruction is 
composed of teachers and pupils, and in the ideal sanatorium for the 
tuberculous the physician is the teacher, the nurse the assistant teacher, 
and the patients are the pupils. The function of the physician, presid- 
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ing over and directing the medical care, is thus a double one. Of course 
he must be primarily a practitioner of medicine and well trained for his 
specialty. This training he must have received first, through a general 
medical education in a good medical school, followed by an internship 
in a good hospital and a few years as a general practitioner, where he has 
had opportunity to see all kinds of diseases and to acquire the tact, 
patience, perseverance and sound judgment so essential to the success 
of a family physician. Undoubtedly, as a general practitioner he will 
have come across a good many cases of tuberculosis, and when his in- 
terest in this disease is aroused to a degree that he feels that he would 
wish to devote his knowledge, experience, nay, even his life, to the relief 
of those suffering from it; if, so to speak, he feels the call within him to 
minister to the needs of the tuberculous, even as a young man feels the 
call of God to enter the ministry; then he is started on the fair road to 
become some day the ideal physician for the tuberculous. Nevertheless, 
all the knowledge a tuberculosis specialist should possess can only rarely 
be attained in general practice. The best tuberculosis specialists are 
those who have had training as assistants in good sanatoria, and if to 
this they can add a special course, such as is offered by the Trudeau 
School at Saranac Lake, their medical equipment for tuberculosis work 
will be about as good as it can be made. 

Medical knowledge, that is to say, being well versed in phthisiotherapy 
and the diagnosis of tuberculosis, however, will not alone suffice for the 
ideal sanatorium physician or tuberculosis specialist. There is no 
disease which has so large a social and psychological aspect as tubercu- 
losis;-and the physician who wishes to be a specialist in this line and who 
neglects to study the social aspects of the disease and the soul life of the 
tuberculous patient will never become the ideal physician. Those of us 
who have endeavored to study the social aspects of tuberculosis as a 
disease of the masses have long since learned that it is as important as 
the medical aspect. 

Thoughtless procreation; women working often up to the time of con- 
finement and forced to the resumption of work shortly after confinement; 
child labor; unsanitary schools; an overcrowded curriculum in schools 
and colleges to the detriment of the physical wellbeing of our children 
and young men and women; marriages among the physically unfit and 
mentally disabled; unsanitary housing; unsanitary factories and work- 
shops; underfeeding; intemperance and the ignorance of ordinary sani- 
tary laws and a disinclination to obey them; lack of facilities to take 
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institutional care of early, moderately advanced, and far advanced cases 
of tuberculosis; lack of preventoria and open air schools for predisposed 
children; lack of sanitary workshops for the recovered tuberculous in- 
valids; all these involve vast sociological problems which must be studied 
by the tuberculosis specialist in order that he may help to combat the 
predisposing causes. To do this must be as sacred a duty to the real 
physician as his endeavor to cure and restore to health and happiness 
each tuberculous individual. 

Next to being a sociologist the ideal physician for the tuberculous 
must be a psychologist, but not one who merely studies abnormal phe- 
nomena or even the wondrous working of a normal intellect. He must 
be also the sympathetic physician of the suffering soul, the worried 
mind, the saddened heart. I feel deeply sorry for the physician whose 
experience in tuberculosis has not convinced him that the tuberculous 
patient is just like any other patient with no particular mental and 
psychic characteristics, and it grieves me deeply when I read statements 
to the contrary. 

In his latest textbook Fishberg writes (page 206): “‘A psychic trait of 
the consumptive which has been noted by most writers is selfishness. He 
becomes egotistical and egocentric. He is interested in the welfare of 
but one person—himself—to the exclusion of all who have depended on 
him before. He will eat costly food while his children starve; he will 
make unreasonable demands on his relatives and friends and show no 
gratitude.” Fishberg then quotes Saxe as an authority, endorsing the 
following astounding statement,‘‘ The ascendance of selfishness plays the 
most important réle in the molding of the mental traits of the tubercu- 
lous.” Dr. Fishberg seems to be entirely oblivious to the fact that our 
greatest authorities on tuberculosis, such as Laennec and Grancher of 
France, Brehmer and Dettweiler of Germany, Trudeau and King of this 
country, were all tuberculous and distinguished themselves by their 
unselfishness and devotion to suffering humanity. The vast majority 
of tuberculosis specialists in this country who volunteered and served 
in the American army in the great world war have been or are still tuber- 
culous. Who would dare to ascribe to these noble men anything but self 
sacrifice and devotion to the highest ideals of humanity and patriotism? 
Not a few of the heroic tuberculous invalids in our own and allied coun- 
tries even went to their death in battle. Let me recall only one name, 
that of the noble Frenchman, Captain Georges Guynemier, who fought 
800 battles in the air and brought down 74 enemy air planes, of which 
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54 are officially recorded, and thus became the famous ace of aces 
before his death in action over the German line. 

I wish Dr. Fishberg could be here to-day to see this throng of patients 
and ex-patients and to look into their bright and happy faces where it 
would be difficult for him to discover a sign of selfishness, because good 
fellowship and perfect gratitude toward the sanatorium and their caine 
cians are plainly visible in every face. 

My very first experience as a young intern in one of the Rincina 
sanatoria taught me two things. 

The first was that the tuberculous patient has no special mental char- 
acteristic and can be as bad and as good as any other type of patient or 
any healthy man or woman, and that the disease in itself never, except 
perhaps in the very last stages and even then very rarely, clouds his 
judgment or causes him to be less thoughtful of others. 

I well remember the second lesson which this early experience taught 
me. It was the necessity for the true physician not merely to look after 
the physical but also the mental welfare of the patients. In the divi- 
sion which was assigned to me I had a man of unusual refinement and 
culture, a dutiful patient who obeyed me implicitly in spite of my 
youth and inexperience. He was doing splendidly; he had gained in 
weight; his lesion had become less active; in short, he was on the road 
to recovery. At the next examination, however, I found he had lost 
in weight and was not nearly in as good condition as four weeks pre- 
viously. I prescribed a tonic to improve his appetite and advised more 
rest; and still he did not improve. I reported the condition to my chief, 
the great Dettweiler, and all he said to me was: “My son, see if there 
is anything on his mind.” To be brief, I discovered that the man had 
worried because the pension which his former employer had granted to 
his family while he was absent had been cut down and only the amount 
necessary to keep him in the sanatorium was given him. He knew that 
his loved ones suffered and were depriving themselves of the very neces- 
sities of life so that he might stay in the sanatorium and complete his 
cure. 

On a recent visit to Loomis, Dr. Bertram H. Waters, the physician 
in chief of the sanatorium, told me that experience at the institution 
showed just the reverse of what Dr. Fishberg described as being the 
average state of mind of the tuberculous. Dr. Waters assured me 
that he and his assistants constantly had to contend with the anxiety 
and worry which the patients under their care manifested concerning 
their families left at home. 
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Had I the time I could record hundreds of similar instances which 
showed me beyond doubt that the tuberculous invalid is not egotistical, 
not egocentric, will not eat costly food while his children starve, and that 
he is not ungrateful. How many well-to-do dying consumptives have 
provided large sums in their last will for the care and treatment of the 
consumptive poor, and how many patients, rich and poor alike, prior to 
their passing away have pressed the physicians’ and nurses’ hands and 
thanked them for what they had done to alleviate their sufferings! 

To return for a moment to the patient into whose soul life I had failed 
to enter until my venerable teacher called my attention to my neglect. 
A letter addressed by the sanatorium authorities to the employer of 
my patient resulted in the continuance of the complete pension which 
assured provision for the family of the patient as well as payment of his 
sanatorium bills. The patient’s appetite again improved, he again gained 
in weight; and after a few months we were able to discharge him as an 
_arrested case happy to be able again to assume the responsibility of pro- 
viding for his family. 

This, as well as many similar cases in which entering into corre- 
spondence with the family was helpful in restoring the patient to health 
and happiness, have taught me that it is well for the sanatorium and 
private physician, who has the welfare of his tuberculous patients at 
heart, to try always to know something about the family of the patient, 
and if possible be in communication with it. Much can thereby be 
learned of how best to manage the case; and indirectly one can also, as 
far as possible, instruct the family of the patient. Education of the 
family is particularly timely and important prior to the return of the 
‘patient to his home. 

* Your Superintendent, Dr. Lyman, has presented the situation very 
clearly by the following statement: 


We often speak of our institutions as training schools, claiming that the 
educational feature of their work is the most valuable of their functions. 
This is true; but it is also true that in order to secure permanent results it is 
fully as necessary to educate the family as the patient, and so far we have 
made but little effort to do this. 


Lieut. Col. Jabez H. Elliott, of Toronto, in a very interesting article 
on .“‘Diseases of the Respiratory System as Medical Problems in Re- 
habilitation” (The Canadian Medical Quarterly, September, 1919), 
makes the following suggestions regarding the necessity of post-sana- 
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torium care of the patient, including incidental visits and inspection of 
his family,—suggestions which I gladly endorse as an ideal for us physi- 
cians: 


To make our results as permanent as possible we must follow the patient to 
his home and establish a supervision which will aid in: (1) The prevention of 
relapse. (2) The detection of symptoms of relapse before serious damage is- 
done. (3) The establishment of sanitary measures in the home and to lessen 
the possibility of contact infection. This would include education of the 
family. (4) The supervision of the members of the family, and especially 
the children, who are to be treated as contacts. For this we require the ser- 
vices of a nurse trained in social work, and the services of skilled physicians. 
In the larger centres special chest clinics are available, others could readily 
be established where needed, and in rural communities the services of the: 
local physician or a traveling special physician could be arranged for. 


In some states, such as New York, Massachusetts, and Vermont, such 
travelling clinics under expert direction are already in operation. Per- 
sonal experience with them in New York has shown me the invaluable 
service they can render in the discovery of early cases, the prevention of 
relapses among old sanatorium patients, and in the education of the 


families in tuberculosis prophylaxis. 
Colonel Elliott continues: 


The visiting nurse should begin her work while the patient is still at the 
sanatorium, where she meets him and secures his interest and codperation. 
With a visit to the family before his return she can begin their education in 
codéperative measures, so that when he reaches his family they will have the 
facilities for his after-care and will be ready to help him by having a proper 
attitude toward him and his practice of those measures essential to his further 
progress. The nurse should not only have knowledge of sanatorium routine 
and prophylaxis, but must have a training in social service work as related to 
public health, and, above all must have tact, patience and resourcefulness to : 
deal with difficult situations. 


To these qualifications of an ideal tuberculosis nurse, may I add that 
she must be physically well and strong and mentally alert, and able to 
inspire her patients by her healthy and cheerful appearance. If she 
herself has had tuberculosis and is an arrested or cured case, she should 
not hide this fact; for it will rather add to her powers of assuring the 
patients of the curability of the disease. She must have the same fine 
qualities of mind and heart which are expected of all physicians, but. 
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particularly of the tuberculosis specialists—cheerfulness, helpfulness, 
and sympathy, but firmness when this is required. The tuberculous 
patient is often one who has contracted the disease in the battle of life 
or struggle for existence. The late Professor Landouzy of Paris, when 
speaking of the soldiers who had contracted tuberculosis, called them 
“blessés par la tuberculose” (wounded by tuberculosis). To the wounded 
by tuberculosis as well as to the wounded in battle in the World War, 
our American nurses and those of our allied nations proved to be veri- 
table ministering angels. The ideal tuberculosis nurse should be the 
same in peace time as she was on the battle field and in our military 
hospitals. She must be phthisiophilic, not phthisiophobic. No matter 
how skilful and well trained a nurse may be, if she is afflicted with the 
slightest degree of phthisiophobia, she should never become a tubercu- 
losis nurse. Just as the best tuberculosis specialist is he who, after 
general practice, feels the call to devote his life to this difficult specialty, 
so will the nurse who, after general training and experience, believes 
that she can accomplish the greatest amount of good by choosing tuber- 
culosis as a specialty, become the ideal tuberculosis nurse. 

After having given our conception of the ideal sanatorium, the ideal 
physician, and the ideal tuberculosis nurse, we may now say a final 
word regarding how the tuberculous patient may become the ideal 
patient. 

To the patient knowing and realizing that he is tuberculous, I would 
say first, be true to yourself and to your physician. When he takes your 
history, tell him everything. Don’t hide anything from him: even tell 
him your family and your personal affairs, and your love affairs and 
business troubles,—if you have any; as these may have a bearing on 
your physical and mental welfare. Tell him your symptoms, your 
physical sufferings if you have any, and also those of your mind if that 
is disturbed. Tell him your financial condition, your mode of life, and 
what you think are your own shortcomings. After his examination, 
about the first advice the physician will probably give will be the ex- 
hortation to work and to rest with the object to get well. By working to 
get well is understood keeping your rest hours, keeping your sleeping 
hours and your eating hours with religious punctuality, exercising only 
as you are allowed to exercise; taking medicine only when and as it is 
prescribed for you, and never taking medicine when not prescribed. 
Report any intervening symptoms or irregularity to your physician. 
If something worries you call on him. The ideal physician will be to 
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you as much a physician of the soul as of the body. Trust him, have 
confidence in him. Don’t talk about your troubles or symptoms to 
your fellow patients, nor listen to the recital of their symptoms or their 
past history. Be sympathetic to their sufferings and their troubles, but 
content yourself with cheering them up and telling them to trust in their 
physician and in God and not to worry. By complying strictly with the 
rules and regulations of the institution or those given to you by your 
private physician, you give the best example to other patients. Be 
charitable to the shortcomings of the less educated, less refined, and less 
cultured. Treat them as you would wish them to treat you were the 
conditions reversed. 

When you have recovered and have returned to your former home or 
gone to another community, keep in touch with the sanatorium author- 
ities or with the physician who took care of you while you were away 
from home, in a health resort or elsewhere, and have yourself reéxamined 
from time to time. Remember all that you have learned from the sana- 
torium authorities or your physician and consider yourself an apostle 
of the prevention of tuberculosis and the prevention of disease in gen- 
eral. Teach those who do not know the value of fresh air, deep breath- 
ing, clean teeth, and sanitary living in general. Teach the blessing of 
spending as much time as possible out of doors, and the value of cold 
water inside and outside, and of a sober and well regulated life as the 
best means to prevent disease. Spread the gospel of the preventability 
and curability of tuberculosis and the necessity of an early diagnosis so 
that a cure may be expected with reasonable certainty. In communities 
where no antituberculosis committees or antituberculosis societies exist 
try to establish such associations. Where open air schools and tuber- 
culosis clinics, hospitals and sanatoria are wanting, stir up the author- 
ties and show them where their duty lies. Convince them that it is a 
financial and moral gain to the community to take care of its consump- 
tive poor at the right time and in the right place, and not at the wrong’ 
time and in the wrong place. When you yourself come into the pres- 
ence of a suspected or already diagnosed case without medical care, tell 
the patient what you know of the prevention of tuberculosis; and take 
him to a physician, a dispensary, or hospital so as to give him the best 
possible chance for recovery. Ifakind Fate has made you prosperous, 
remember that tuberculosis is ‘a costly disease, that state and munici- 
palities alone cannot cope with the tuberculosis problem and that money 
is needed in most communities to help the consumptive poor. For this 
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reason I beg you to render personal service where you can and add to 
this your financial help to the best of your ability. Show your grati- 
tude for improvement and for being cured by helping others to be cured. 

Few, if any of you patients, and I am sure none of us physicians, may 
ever become as rich and as prosperous as the late Andrew Carnegie, yet, 
because he was an ideal philanthropist, a true lover of his kind, he may 
well serve as an example to follow. Mr. Carnegie found his greatest 
happiness in sharing his fortune with others. His benefactions run into 
millions of dollars, all intended for the betterment of the physical and 
intellectual welfare of his fellowmen. He did not believe in creeds, but 
in deeds, and well may we all subscribe to one of his favorite sayings and 
adopt it as our life’s motto and guide, 

“Service to Man is the Highest Service to God.” 


EDITORIAL 


INFLUENZA AND PULMONARY TUBERCULOSIS: A CRITICISM OF 
DOCTOR FISHBERG’S VIEWS! 


A recent ‘Current Comment” of the Journal of the American Medical 
Association referred to a paper by Dr. Fishberg of New York in the 
AMERICAN REVIEW OF TUBERCULOSIS, in which he came to the conclu- 
sion that the recent epidemic of influenza in the fall of 1918 and the 
winter of 1919 had not in any way affected the tuberculosis morbidity 
rate of the country, or at least of New York City. 

Doctor Fishberg’s conclusions are so widely at variance with my ex- 
perience in Asheville, and I might say with that of some of my friends 
who treat tuberculosis here and in other parts of the country, that I 
cannot let the statement pass unchallenged. Later I hope to have time 
to go over my case records and give accurate figures to back up this view. 
Meantime I would say that in my practice, while, probably owing to the 
good isolation possible in cottage sanatoria, influenza did not develop 
in the institutions under my control, not a few arrested cases living in 
their own homes had severe attacks of influenza, followed by active and 
alarming bronchopneumonias. The results in nearly every case were 
more or less dangerous recrudescences of the arrested tuberculosis, from 
which some of these patients have not yet fully recovered, while a few 
were aroused to fatal activity. 

But whatever the effect of influenza on arrested cases of tuberculosis, 
I would wish to stress the fact that the carefully taken histories of the 
large majority of patients who have come to me since the spring of 1919, 
demonstrate very clearly that this epidemic had a disastrous effect in 
initiating active trouble in people who had been hitherto perfectly well, 
or in reawakening processes in those who had given a history of an arrest 
in the past. WhileI cannot here give accurate figures as to tuberculosis 
subsequent to attacks of influenza, I have no hesitation in stating that the 
majority of the cases treated by my associate, Dr. Ringer, and myself 
have given unequivocal histories of such an attack in the fall of 1918 or 
the winter of 1919. 


1See AMERICAN REVIEW OF TUBERCULOSIS November, 1919, iii, 532. 
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Of course I do not refer to those patients who speak carelessly in their 
‘histories of ‘‘an attack of grippe,” a statement of no value, and one which 
would mislead no careful taker of histories, but of those who in the epi- 
-demic time had a sickness of the well-known character and clearly jus- 
tifying a diagnosis of ‘nfluenza, and which were so diagnosed by their 
physicians, as well as by myslf and Dr. Ringer in our history-taking. In 
these patients the attack of tuberculosis either dated from such an un- 
doubted attack of influenza or developed later after the post-influenzal 
asthenia, with which we are all so familiar. 

As a result then of my own and my associate’s experience and of that 
-of friends of mine in different parts of the country with whom I have 
talked, I am certain that influenza has caused a great increase in the inci- 
-dence of tuberculosis, and acted as a powerful activator of latent tubercu- 
losis in many people. Judging from my experience I believe that the 
statistics of the next few years will show that this epidemic will result 
in a very marked increase in the morbidity and the mortality curves 
for tuberculosis throughout the country, and were it possible to get 
Statistics on the subject, that quite a large percentage of those who suf- 
fered from undoubted influenza in the fall of 1918 and early winter of 
1919, developed, as a result and not as a mere coincidence, an attack of 
pulmonary tuberculosis. 

I have ventured to write the above, since I believe that a statement 
from a prominent authority such as Dr. Fishberg, that influenza has had 
little effect in increasing the incidence of tuberculosis, may have an un- 
fortunate effect on the profession of the country and may cause them 
to neglect the danger of the development of tuberculosis after attacks of 
“‘flu,”’ whereas I feel that for six months after such an attack every pa- 
tient should be carefully watched for the possible development of sus- 


Picious symptoms. 
CHARLES L. MINOR. 


e 
4 
& 
a 
® 
¥ 
# 
i 


STUDIES ON TUBERCULOUS INFECTION 


VI. TUBERCULOSIS IN THE GUINEA PIG AFTER SUBCUTANEOUS 
INFECTION, WITH PARTICULAR REFERENCE TO THE 
TRACHEO-BRONCHIAL LYMPH NODES 


ALLEN K. KRAUSE 


From the Kenneth Dows Fund for the Study of Tuberculosis, of the Medical Clinic of the Johns 
Hopkins Hospital and University 


The guinea pig and rabbit are the most commonly used animals in 
the experimental study of tuberculosis. If bacillary properties, such as 
virulence, are under investigation we resort to either or both of these 
animals. If infection is in question, we attempt to carry over to human 
nosology observations that are more easily gleaned from these animals, 
both of which are amenable to experimental conditions that can to a 
large extent be controlled. They have yielded us a scientific founda- 


tion for more than one point of view concerning the possibilities of the 
spread of infection. They have supplied whatever details buttress any 
sound conceptions of resistance and immunity, scanty though these may 
yet be. They have been the media of test for almost numberless thera- 
peutic agencies. Because of their availability and cheapness, because 
of their unusually definite and regular responses to tubercle bacilli 
and because of the opportunities they present to the investigator to 
study many phases of tuberculosis on a scale that is large enough to 
promise sufficient data for correct interpretation, it is likely that for our 
purposes they will remain the animals of choice. 

Now these data of virulence, of infection, of resistance, are expressions 
of animal reactions to the activities of the microérganisms; and these 
reactions are, in part at least, dependent on factors that are part and 
parcel of the animal under observation. In the last analysis, most ex- 
perimentation on animals is valuable—and justifiable—only in so far 
as it is undertaken with the purpose of elucidating phenomena that con- 
cern human beings. From such investigations we seek to learn facts 
which we may rationally fit into the human economy. Our “facts” of 
this nature are really our interpretations of what we observe; and the 
soundness and completeness of our interpretations will rest almost en- 
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tirely on the exactitude and amplitude of our knowledge of the processes 
that have progressed to the point at which we first observe them. It 
follows, therefore, that, if we are to explain manifestations of human 
tuberculosis by facts that have been learned more simply and more ele- 
mentally from the guinea pig and rabbit, we will approach an accuracy 
and a fulness of explanation only as we can command more and more 
information that has been attained from these latter animals. 

If the story of tuberculous infection of the guinea pig and rabbit were 
a finished book I should not be at such pains to give point to a platitude. 
But it has been my experience that the recorded data are anything but 
complete recitals of all that goes on; and that not infrequently they are 
misleading. During the last five years and more I have more than once 
been obliged to readjust opinions concerning human infection that had 
been based on older and standard views of guinea pig and rabbit infec- 
tion; for only too often I could not fail to observe phenomena in these 
animals that did not square with currently accepted generalizations. 
Again, several years’ experimental work on resistance came to a stand- 
still because I became conscious of the impossibility of satisfactorily in- 
terpreting my observations, with my detailed knowledge of the progres- 
sion of infection as inexact and as scanty as it then was. At the same 
time, several casual observations of architectural differences in the same 
organs of different animal species coupled with habitual differences of 
localization of tubercle in these organs suggested possibilities of such 
factors as anatomic determinants of infection and the need for more 
detailed studies of infection than had been usual. 

Moreover, several years ago it was my good fortune to become ac- 
quainted at first hand with the remarkable anatomical studies of the 
lung which Professor William Snow Miller had been carrying on for the 
past thirty years. It at once appeared that data which he had obtained 
from purely anatomic investigations promised, if applied to experimental 
tuberculosis, to throw more light on several obscure phases of pulmonary 
infection; and this impression has since been strengthened. At that time 
Doctor Miller had already begun to approach tuberculosis from the 
anatomic side, both independently and in association with Dr. Kennon 
Dunham of Cincinnati. He has since continued and enlarged his inter- 
est in the subject with results that have in part appeared in this series 
of studies ((1), (2), (3) ). My indebtedness to him is great and I cannot 
too highly express my admiration of the beauty and value of the work 
which has resulted from the precise, ingenious and painstaking methods 
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which in his hands have approached perfection. Not a few of the ob- 
servations which are to be recorded in this study and those following it 
would have been impossible of rational interpretation had Miller’s work 
not been at hand to point the way out. 

I am also indebted to several persons who at various times have as- 
sisted in the experimental work:—to Dr. Linda B. Lange, who made 
inoculations and recorded anatomic changes in two preliminary experi- 
ments on guinea pigs (4); to Dr. H. S. Willis, who attended to many 
details; to Dr. Alva B. Craddock, whose gross and histological prepar- 
tions of rabbits’ lungs were particularly helpful; to Dr. Carl F. Jordan 
for his injections of the lymphatic system of the guinea pig; to Miss 
Charlotte Vincent, for her unceasing fidelity and intelligent codperation 
in the preparation of specimens; and to Miss Dorothy Peters, for her 
painstaking and enthusiastic interest in the making of the illustrations 
that accompany these studies. 

To attempt to gain a deeper insight of infection in guinea pigs and 
rabbits, to the end that this might lend assistance toward clarifying our 
views of human infection:—this, therefore, has been the main purpose 
of the studies which will appear in the present communication and several 
which are to follow. The results of these studies, as they appear, are 
records of possibilities, as regards human infection; and whenever human 
infection is under discussion and is not completely understood their 
possibility should be thought of. If, however, the underlying conditions 
of particular phenomena in the human being can be shown to coincide 
with or resemble those responsible for the same phenomena occurring 
in the rabbit and the guinea pig, then our interpretation, if sound for 
the latter animals, may with some justification be applied to what may be 
observed in man. 

The present paper will deal with tuberculous infection only as it mani- 
fests itself in the guinea pig: any references to infection in the rabbit 
and other-animals will be merely by way of comparison and contrast. 
It will not attempt to be a complete recital of all that occurs in guinea 
pig infection: only several of the more noticeable and better known 
features will be analyzed. That deductions may be plainer, as much 
anatomic information as is necessary to the purposes of exposition will 
be introduced. For the same reason the more general features of guinea 
pig infection, as gathered from several authors and personal experience 
(5), will be summarized anew. 
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SOME PERTINENT FEATURES OF GUINEA PIG ANATOMY 


The lymphatic system. A very complete and satisfactory study of the 
lymphatic system of the guinea pig has recently (1917) appeared from the 
pen of George K. Hashiba (6). Whatever observations I have made on 
several lymphatic regions confirm those of Hashibain every respect. The 
following description is for the most part a composite one, drawn from 
Hashiba’s account and my own records, Lymphatic tissue that is in- 
corporated in various organs and lies within their tissues is designated 
as intravisceral lymphatic tissue; that which exists free, without integral 
connection with organs, is termed extravisceral. 

In view of the animal’s small size, the extravisceral lymphatic tissue 
of the guinea pig is unusually prominent and abundant. Inframandibu- 
lar, axillary and groin nodes are easily palpable in every normal animal; 
and even a crude and hurried dissection will at once reveal many other 
nodes in the large body cavities, which are quite apparent even without 
the aid of injection masses. Since most of our studies of infection have 
followed the changes that result from subcutaneous infection of the 
groin, it is the mechanism of lymphatic drainage of this region which 
will receive the most detailed attention. 

1. Superficial inguinal (abdominal-inguinal, Hashiba) nodes. Situ- 
ated in the subcutaneous tissue of the groin and buried in its fat are the 
superficial inguinal nodes. According to Hashiba, there are from two to 
four which are visible, but we have frequently seen more,—five or six,— 
in normal animals. Our experience also leads us to believe that the act- 
ual number may even exceed this; for, sometimes, when after tubercu- 
lous infection of the groin there occurred a hyperplasia of the lymph 
nodes of such a nature that these remained discrete, we have noted as 
many as seven or eight nodes in the chain. It is likely that under the 
stimulation of infection lymphatic nodes, which usually escape detec- 
tion, proliferate and come to light. Efferents run centralwards from 
node to node of this chain; and, leaving the latter, form two main effer- 
ent channels. One is made up of a vessel which runs to the next chain 
of nodes, the deep inguinals; the other normally consists of two lym- 
phatics which, without being interrupted by the deep inguinal nodes, 
pass through the inguinal canal into the abdomen and run forwards 
(cephalicwards) to the common iliac node (see figue 1). 

2. Deep inguinal (inguinal, Hashiba) nodes. These are two small 
nodes on each side, situated more deeply and close to the abdominal 
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ring. They receive lymphatics from the popliteal nodes and the deep 
lymphatics of the hind leg, as well as the efferents of the superficial in- 
guinals mentioned above. Its own efferent passes through the inguinal 
canal to end in the next node, the common iliac (see figure 1). 

3. Common iliac nodes. Comparatively large and lenticular in shape, 
these two nodes lie, one on either side of the midline, at the brim of the 
pelvic cavity and at the bifurcation of the great abdominal blood vessels. 
They receive direct lymphatics from the superficial and deep inguinal 
nodes; and from the hypogastric nodes, which lie in the pelvic cavity at 
the origin of the hypogastric artery and receive vessels from the bladder, 
seminal vesicles and popliteal nodes. Since some of the lymphatics of 
the hind leg run to the superficial inguinals, which in turn send efferents 
to both the deep inguinals and common iliacs; and since all other lym- 
phatics of the hind leg run directly either to the deep inguinal or the pop- 
liteal nodes and these latter send efferents to the deep inguinal and hypo- 
gastric nodes, both of which continue their efferents to the common 
iliac nodes, it is at once apparent that the common iliac nodes receive 
practically the entire lymph stream from the hind legs, the pelvis,! 
and the cutaneous and subcutaneous tissues of the abdominal and 
perineo-pudendal regions (lymphatics of the two latter areas all drain to 
the superficial inguinal nodes). 

It is important, therefore, to remember that the common iliac nodes 
form one of the two or three great collecting points of the body and that 
all particles, which enter the lymphatics from a large area of the body, 
will, if they continue their lymphatic course, finally reach these nodes, 
there to be arrested or to pass through them (see figure 1). 

The lymphatics of the hind leg can be easily followed as far as the 
common iliac nodes and beyond, if one injects a suitable mass like india 
ink by inserting the needle into the pad of the foot. The lymphatics 
from the superficial and deep inguinals are best brought out by tying 
off the lymphatics proximal to the common iliac nodes and then making 
a retrograde injection by inserting the needle into the common iliac 
nodes. 

4. The plexus and nodes of the abdominal aorta. Efferents leave the 
common iliac nodes and at once break up to form a very rich plexus 
around the abdominal aorta. This plexus continues until it ends in the 

1 According to Hashiba an inconstant number of efferents from the hypogastric nodes 
passes directly to the plexus of lymphatics that is cephalic to the common iliac nodes and 
thus skips the latter. 
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cisterna chyli which is situated behind the aorta between the pillars of 
the diaphragm. Along this plexus are interpolated numerous nodes of 
varying size. Most of them are very small, and the largest are several 
round nodes just below and above the level of the renal artery and from 
1 to 2 mm. in diameter. Hashiba classifies all these nodes as superior, 
medial and inferior abdominal aortics; and calls those at the level of 
the renal arteries the medial nodes. Other authors, referring particu- 
larly to these so called medial nodes, call them preaortic or paraortic 
nodes. None of the abdominal aortic nodes are very prominent. They 
are probably much more numerous than is usually apparent, for when 
animals were infected with tubercle which involved the lymphatic sys- 
tem, I have at times noticed a far greater number of these proliferating 
structures than would have been visible upon ordinary inspection of a 
normal animal. These nodes receive lymph from the abdominal vis- 
cera and the kidneys, as well as all that is converging toward them from 
the hind part of the body. 

5. The thoracic duct. ‘The cisterna chyli is continued in the thorax as 
the thoracic duct. According to Hashiba the thoracic duct may pre- 
sent one or another of four different types: (1) a single large sacculated 
trunk on the right side of the aorta, which in the upper part of the thorax 
crosses to the left of the midline to lie dorsal to the aorta; (2) two distinct 
vessels, one on either side of the aorta which join behind the arch of the 
aorta; (3) two distinct vessels connected by delicate anastomotic com- 
munications behind the aorta; and (4) a continuous network dorsal to 
the aorta, without a main trunk but terminating in a single vessel. 

The thoracic duct ends on the left side at the junction of the external 
and internal jugular veins, where the lymph is poured into the blood. 

The duct, therefore, conveys to the blood all the lymph from the body 
that drains from all points that lie approximately caudal to the diaphragm. 
In addition it receives and discharges into the blood lymph received 
from the efferents of the deep cervical nodes of the left side and the ef- 
ferent plexus of the nodes of the internal mammary artery of the left 
side. The deep cervical nodes, of which there are several on each side, 
receive all the lymph from the head and neck. The nodes of the inter- 
nal mammary artery, located internal to the first rib and sternum (and 
sometimes called the retrosternal nodes) drain the diaphragm and inter- 
costal spaces, and also receive some vessels from ihe tracheo-bronchials. 
The thoracic duct therefore is the conveyer of all body lymph except that 
from the skin of the thorax: that from the right side of the diaphragm, 
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head and neck; all lymph from the right tracheo-bronchial nodes and 
most of that from the left tracheo-bronchials, the areas of drainage of 
which are about to be described; and all lymph from the forelegs. The 
lymph from the right side of the head and neck reaches the blood at the 
junction of the right internal and external jugular veins by way of the 
efferent of the right deep cervical nodes. That from the forelegs and 
thorax is discharged on both sides at the junction of the subclavian and 
external jugular veins by efferents from the axillary nodes and the axil- 
lary nodes of the first rib. 

6. The tracheo-bronchial lymph nodes. In these nodes I would include 
not only the tracheo-bronchial nodes proper, but also the inter-bronchial 
node. The inter-bronchial is a single node lying at the bifurcation of 
the trachea, below the roots of the bronchi. It receives vessels from the 
heart and lungs, and sends all its efferents to the tracheo-bronchial 
nodes proper. These latter nodes are in the angles between the 
trachea and bronchi. They receive lymphatics from the heart and 
lungs and lower part of the trachea. Their efferents run to the nodes 
of the internal mammary artery, the axillary nodes, the axillary nodes 
of the first rib, and to a plexus in front of the innominate vein. The 
efferents of the internal mammary node end on either side in a com- 
plicated plexus on the innominate vein: the plexus on the left side 
joins with the thoracic duct; that on the right with the cervical and 
subclavian lymph trunks before entering the vein. The axillary nodes 
send efferents to the axillary nodes of the first rib, as well as direct ves- 
sels to the junction of the subclavian and external jugular veins. The 
axillary node of the first rib also sends all its efferents to the junction of 
these veins. The tracheo-bronchials therefore have some of their 
lymph discharged directly into the thoracic duct by way of the left 
innominate plexus and into the cervical and subclavian trunks by the 
right plexus; while between these nodes and the blood, several of their 
efferents are intercepted by the nodes of the internal mammary artery, 
the axillary nodes and the axillary nodes of the first rib. 

The tracheo-bronchial nodes are comparatively large and prominent 
in the guinea pig, and stand out even upon cursory dissection. Nothing 
can be more certain than that they drain only the lungs and heart: they 
receive no efferents from the deep cervicals and thus cannot receive lymph from 
the head and neck. So far as can be made out in the guinea pig there is 
not even a direct or indirect communication, efferent from the tracheo- 
bronchials to the deep cervicals, a condition that has been described in 


other animals as, for instance, man (7). 
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7. The lungs. The guinea pig lung, unlike that of man, but like that 
of the rabbit, has a thin pleura, from which fibrous projections do not 
dip down into the lung to mark out secondary lobules. It has an unus- 
ual amount of muscular tissue in the walls of the bronchi and blood 
vessels and at the distal ends of the ductuli alveolares.2 This heavy 
bronchial and vascular musculature is well brought out in figure 4 of 
Willis’s study of this series (8). This figure also strikingly displays 
another prominent feature of the anatomy of the guinea pig lung, namely, 
the enormous calibre of the peribronchial and perivascular lymphatics 
which is especially noticeable here in the adventitia of the pulmonary 
artery. These large lymphatics seem to be a regular and constant feat- 
ure in the guinea pig lung. I have noted them frequently, and found 
them everywhere throughout the organ in going over a series (800 sec- 
tions) of a whole lung. It is, of course, at once suggested that the lym- 
phatics stand wide open because the great musculature of the middle 
sheaths of the vessels and bronchi contract to an unusual extent upon the 
death of the animal or the fixing of the lung. Yet, even though this is 
true, it shows the possibilities during life, and indicates that under 
ordinary physiological conditions the intrapulmonary lymphatic chan- 
nels accommodate a large amount of lymph which drains through the 
lung toward the hilum nodes with ease. 

A second striking feature of the lymphatic anatomy of the guinea pig 
lung is its relative paucity of intrapulmonary lymphatic tissue. All 
mammalian lungs, that have been studied, contain variable amounts of 
lymphatic tissue (9) which is situated in the course of the lymphatic 
stream at the bifurcations of bronchi, arteries and veins. In the nor- 
mal guinea pig the microscope will not reveal this tissue in very notice- 
able amounts until (working from the periphery) we approach the larger 
blood vessels and bronchi near the hilum. 

We have, therefore, in the guinea pig, lungs which are furnished with 
unusually many and large lymphatic vessels, yet with very little lymph- 
atic tissue to intercept these channels which proceed from periphery to 
hilum. As concerns the lymphatic system, the main impression that 
one gets is that here we have an unusually pervious or (if one may use 
the expression) ‘‘ wide-open” lung, and that lymphatic drainage must be 
relatively active and free. Coupled with this condition are extraordi- 
narily large and prominent extrapulmonary lymph nodes at the hilum, 


2 For an anatomical description of the elements of the lung see Miller. 
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and there receiving all lymph that comes from the lungs. Moreover, 
the musculature is so abundant and so active that it is not uncommon 
to experience great difficulty in completely distending a lung with fluid 
or air by injecting it through the main bronchus under pressure: for 
spasm of some bronchus often ensues which shuts the passage tight and 
prevents the ingress of the injected material. This is in direct contrast 
with what occurs under similar conditions in, say, the rabbit. 

Willis (8) has shown that the origin of the bronchial artery is normally 
different from that described for any other mammal; this fact is probably 
not important in relation to the infection experiments that are to be 
described. He has also demonstrated that anastomotic communica- 
tions between the pulmonary and bronchial arteries are regular features 
of normal guinea pig pulmonary anatomy; and he has found that what- 
ever intrapulmonary lymphatic tissue exists in the guinea pig is sup- 
plied by the bronchial artery. 

8. The spleen. The spleen of the guinea pig is a small, oblong and 
much flattened organ, having an average length of about 2 or 2.5 cm. 
and a breadth of about 1 cm. It lies in the usual splenic position. Its 
most striking superficial feature is the prominence of its Malpighian 
bodies. These are so large that they not uncommonly give the surface 
of the spleen a rough appearance. In no other animal have I ever seen 
the Malpighian body tissue so relatively abundant and preponderant. 
Since the Malpighian bodies are true lymphoid nodules in the adventitial 
coats of the arteries, it follows that the guinea pig spleen is exceptionally 
rich in lymphoid tissue and, indeed, lymphoid nodules The significance 
of this anatomic feature will be discussed in detail when we come to 
consider the focalization of tubercle bacilli. For the present it is enough 
to point out that in this respect the guinea pig differs greatly from sev- 
eral other mammals. In man the Malpighian bodies are not plentiful, 
and, compared to the guinea pig, are relatively very small. The same 
may be said of the rabbit: the surface of its spleen is smooth and Malpi- 
ghian bodies are inconspicuous. 

In the guinea pig the proper lymph node of the spleen (if there is 
one) is so inconspicuous that it has escaped the attention of all authors 
whose work I have consulted: nor have I been impressed by it. It is 


% Throughout the animal body are innumerable collections of lymphoid tissue, varying 
from a very few cells to comparatively large masses. Before a mass of lymphoid tissue, how- 
ever, can be classed as a lymph node or nodule, it must possess germ centres, which are dis- 
tinguishing characteristics of all true lymph nodes. 
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nevertheless most likely that the spleen’s efferent lymphatics proceed to 
the superior members of the numerous nodes of the abdominal aorta, or 
empty directly into the rich lymphatic plexus that surrounds this vessel 
(see figure 1). I base this opinion on the lymphatic drainage of the 
spleen as it has been worked out in man (10). Here its efferents run to 
the pancreatico-splenic nodes, the efferents of which-proceed to the coeliac 
nodes, in front of the abdominal aorta and around the origins of the coe- 
liac axis and superior mesenteric artery. The coeliac nodes receive effer- 
ents from the gastric, hepatic, pancreatico-splenic and mesenteric nodes. 
They send their efferents to the cisterna chyli or, more usually, these 
form a common trunk, the truncus intestinalis, which joins the left 
lumbar trunk to form one of the origins of the thoracic duct. 

9. The liver. While the node of drainage of the spleen is apparently 
insignificant, all authors have been struck by the prominence of the “‘liver 
node.” By many it is termed the “‘portal node,” but Hashiba gives it 
the more correct designation of retropancreatic node, which sufficiently 
defines its position. All lymph from the liver drains to this node, which 
then sends its efferents to the higher abdominal aortic nodes or the ab- 
dominal aortic plexus. In man the efferents from the hepatic nodes run 
to coeliac nodes, mentioned above, which also receive the lymph from 
the pancreatico-splenic nodes, which in turn drain the spleen. 

Intrahepatic lymphoid tissue is not conspicuous enough to arrest 
attention. 

10. Summary. In the guinea pig, therefore, the superficial lymph 
nodes and those of the pelvis, abdomen and thorax are unusually abund- 
ant and prominent. The lungs have intrapulmonary lymphoid tissue, 
but this is relatively slight, and is concentrated near the hilum; on the 
other hand the tracheo-bronchial nodes, which drain the lung, are unusu- 
ally large and conspicuous. By way of contrast, the intraspleniclym- 
phoid tissue is excessive, yet, the spleen’s tributary lymph node is not 
well defined. The amount of lymphoid tissue in the liver is not unusual, 
but the latter’s lymph node stands out. One is almost tempted to put 
forward the generalization that, as regards any particular viscus, the 
amount of its extravisceral lymphoid tissue will be in inverse proportion 
to that existing in the viscus. 

At the same time the leading anatomic (microscopic) impression that 
one gets from a study of the guinea pig’s lung is that lymphatic circula- 
tion (drainage) can proceed with the utmost facility. Perivascular (ad- 
ventitial) and peribronchial lymphatics are enormous,—relatively much 
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more widely open and much larger than, under the same circumstances of 
preparation of specimens, is to be observed in other animals. Because, 
too, of the small amount of intrapulmonary lymphoid tissue, there is 
little in the course of the lymph vessels to intercept foreign particles in 
the lymphatic stream of the lungs. 


PERTINENT FEATURES OF THE LYMPHATIC AND BLOOD DISTRIBUTION OF 
FOREIGN PARTICLES 


The studies that form the basis of this contribution concern the time 
and dosage relations of dissemination, the avenues of distribution, the 
sites of localization and the factors that determine the localization of 
living tubercle bacilli in the guinea pig. Before entering into their de- 
scription and analysis, it will undoubtedly contribute to their apprecia- 
tion if we first discuss from a more or less theoretical point of view, and 
on the anatomic basis that we have erected, certain possibilities regard- 
ing the normal distribution of foreign particles in the guinea pig body. 
In almost all of our experiments the introduction of tubercle bacilli was 
performed by subcutaneous inoculation into the groin (usually right 
side). The subcutaneous tissue at this point shall therefore serve as 
the starting point of the transportation of foreign particles throughout 
the body. The author is aware that an injection made into this region 
by needle may, theoretically at least, carry particles immediately into blood 
vessels and thus introduce them into the general circulation. This 
point will be taken up later and its actual occurrence determined in the 
light of all the data brought to light by the infection experiments. For 
the present, for the purposes of simplyfying the exposition as muc as 
possible, it is assumed that all particles are first deposited in the tissue 
spaces, that is, in the domain of the lymphatic system. 

1. The site of injection. Ii one makes a subcutaneous injection of 
inert foreign particles, most of the mass remains localized at the site of in- 
jection. Ihave had numerous occasions to observe the disposition made 
of foreign particles, after the injection of such substances as animal 
charcoal or suspensions (water) of pulverized india ink. Though I 
have not had the opportunity to confirm it scientifically, it is my impres- 
sion that if large amounts of foreign particles are injected, relatively 
greater proportions of the material remain im situ than after the intro- 
duction of minute quantities. A more intense and widespread local re- 
action follows the injection of the larger amounts; and this of itself tends 
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to localize the particles more completely and to wall them off better 
from the lymphatic system. The type of reaction will, of course, also 
depend on the irritating qualities of the mass. 

At any rate, the greater part of the material remains in the spot where 
it was put. But, if one examines individuals of a series of injected ani- 
mals day by day, one soon observes that some of the particles have been 
carried some distance away from the site of injection and are now color- 
ing members of the chains of lymphatic nodes that are central and tribu- 
tary to this site. The nodes that are immediately in the path of lym- 
phatic drainage of the spot are more deeply colored than those which 
are further away: as we go from periphery to centre we find the color 
of the nodes becoming fainter and fainter, until it finally disappears from 
the unaided vision. In other words, there are more pigment granules 
in the nodes that are closest to the injected mass. In other words, too, 
the granules have got from tissue spaces into the closed channels of the 
lymphatic system. No stretch of the imagination would conceive that 
in the act of injection the needle slipped neatly into a tenuous lymphatic 
and thus inserted particles into the closed lymphatic system. And the 
first question of major importance that confronts us is: How did the 
foreign particles get into the lymphatics? 

2. The entrance into the lymphatic system. We cannot speak accurately 
on this all-important point. We really have no exact information con- 
cerning the physiology of the lymphatic circulation at its origin,—at the 
periphery: information concerning the intercellular pressure (that is, 
that of the tissue juices or fluids in the tissue spaces) or the differences in 
pressure between that of the intercellular fluids and that of the begin- 
ning of the lymph stream, etc. There is, however, no normal centrifugal 
lymph circulation: so much is certain, and we must assume that physi- 
ological conditions (no doubt promoted by muscular movements, by an 
unknown vis a tergo, etc.) are such that they induce a pressure and ve- 
locity of the lymphatic circulation which carry the lymph centralwards 
(centripetally) from the periphery of the body. As soon as we arrive 
at lymphatics of any size we meet with valves that prevent the reflux 
of lymph; and their presence, as in the venous system, indicates that in 
these places pressure is diminishing as compared to the periphery. 

Though we cannot accurately describe the passage of foreign particles 
into the lymphatic circulation, we can attempt to build up a succession 
of probabilities that may approximate the truth. We know to a cer- 
tainty that inert foreign particles cannot propel themselves: and we can 
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imagine only two methods which might carry them into lymphatics. 
One is a body fluid current of sufficient force to sweep them naked 
past lymphatic walls and into the channel. This is hardly likely. 
Another is the intervention of some medium which is capable of self- 
movement and which at the same time can carry particles and can 
enter (and leave) closed vessels. 

The existence of a medium that fulfills the latter conditions has long 
been recognized. So called phagocytic cells, particularly polymorphonu- 
clear leucocytes, are endowed with locomotion: they can ingest foreign 
particles, they can move into and out of closed vessels, and they can 
wander about in the tissue spaces. In the present state of our know- 
ledge we can think of no other mechanism than the intermediation of 
phagocytic cells which would carry particles into lymphatics. 

I have mentioned that a relatively larger proportion of an injected 
mass remains im situ, if the amount of the mass is large and the reaction 
is correspondingly more intense and extensive. Only those particles 
can be transported that are available to the phagocytic cells, andt he more 
the particles are hemmed in by a granulation tissue which later organizes 
the fewer (relatively) will be accessible to phagocytes. 

3. The transmission from the periphery to the blood stream. After we 
inject pigment granules into the subcutaneous tissue of the right groin, 
then for a few days we find only the immediately adjacent nodes pig- 
mented. But, little by little, nodes that are more central take on a 
certain amount of color. The time comes when the process no longer 
progresses, and after a while the nodes may lose some of their color and 
become paler. 

Since the inert foreign particles are incapable of reproduction, we must 
assume that color gradually becomes visible and more pronounced in 
successive nodes because particles either are with slight interruption 
being carried through from original focus (site of injection) to distant 
nodes, or are being dislocated from more peripheral nodes and then 
transported to more central ones. Unless lymphatic channels become 
blocked by an accumulation of granules, there is no reason not to sup- 
pose that both the above methods of conveyance occur. It would also 
seem that once in the lymphatic current particles can be moved along, 
nakedly or contained in phagocytes, by the force of the stream. 

From superficial inguinal to superior abdominal nodes we note a 
gradually fading color as we go from node to node: the amount of pig- 
ment becomes less and less as we approach the centre. This, in short, is 
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the situation if the pigment is deposited subcutaneously in the tissue 
spaces (the lymphatic domain), and lymphatic “drainage” is allowed to 
pursue its natural course. 

If, however, we inject directly into a peripheral lymphatic or a lymph 
node and exert high pressure in making the injection, we can at once and 
very rapidly fill all nodes with pigment. 

In either event, as long as the lymphatic paths are unobstructed and 
open central to the point of injection, the pigment will strictly follow 
a course up the abdomen and thorax that is represented by the com- 
mon iliac and abdominal aortic nodes of the side on which the injection 
is made, and then the cisterna chyli and thoracic duct. There is no flow- 
ing over into the “portal” node and the lymphatics of the liver, or the 
lymphatics of the kidneys, spleen and gastro-intestinal system. If high 
pressure is exerted at a distance, as into the foot-pad, the abdominal 
chain of nodes and lymphatics and the cisterna and thoracic duct may 
at once be filled; but, to my observation, no reflux has ever occurred into 
afferents that empty into these places whether these afferents were those 
coming from the groin (the superficial inguinals) or from the abdominal 
viscera. In view of the paths that have at various times been put for- 


appreciate the full significance of this circumstance, that is, that an 
immoderately high pressure, artificially applied, has not sent the injec- 
tion mass into the incoming vessels of the central abdominal nodes and 
lymphatics. 

All particles that pass through the thoracic duct must get into the 
venous system and, proceeding immediately through larger and larger 
vessels, enter the right side of the heart and thus the lesser circulation. 

4. The passage to, through and in the lungs. The lungs will receive all 
foreign particles that enter the venous circulation. They thus constitute 
a converging point for all the particles that proceed from periphery to centre 
whether these start in lymphatics and pass all intercepting nodes or enter a 
vein directly: and, in this respect, when compared with other viscera, they 
are unique. If all particles became arrested in the finer blood vessels of 
the lungs, we should, of course, expect to find all blood-borne infections 
confined a# first to the lung. But there is abundant experimental evi- 
dence to prove that many, perhaps most, intravenous particles pass 
through the pulmonary capillaries and are then distributed dispersively 
throughout the body by the general arterial circulation. 
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Oettinger (10), working in Fliigge’s laboratory, is one of the more re- 
cent authors to report the immediate localizations of foreign bodies after 
intravenous injection. His methods while somewhat crude represent 
one of the few attempts to make quantitative estimations. He would 
inject rabbits intravenously with emulsions of various types of easily 
identified microérganisms, and from one to four hours later would re- 
move particles of several organs, crush these, make suspensions of the 
material and plate the suspensions. As specimen protocols we may ex- 
tract the following: (1) One hour after intravenous injection of B. prodi- 
giosus, the count of a removed particle of lung was 50; that of a similar 
bit of liver, 120,000; and of spleen, 13,000. Four and one-half hours 
after injection the counts for lung, liver and spleen had dropped to 8, 48, 
and 320 respectively. (2) One hour after injection of staphylococcus 
albus the counts for lung, liver and spleen were 200, 28,000 and 28,000: 
four hours after injection they were 24, 1200, and 1200. Oecettinger tabu- 
lates other experiments; but these are enough to show plainly that the 
lung capillaries by no means arrest all or the greater number of particles 
that enter them, an opinion expressed by Borrel (12) and implied by 
Aufrecht (13) and Cornet (14). We cannot stop at this point in our 
inquiry to discuss the cause and the meaning of the great decrease of 
microérganisms in the various organs between one and four hours after 
injection: we shall come back to these points later. For the present we 
would only emphasize that many particles introduced into the circula- 
tion pass through the capillaries of the lungs. 

But not all particles pass through. And of those which are arrested 
in the capillaries, what of them? 

They can be disposed of in only one or the other of two possible ways, 
namely: they either (1) remain in the capillary im situ, or (2) they are 
carried out of the lumina of the blood vessels by phagocytic cells. If they 
meet with the latter fate they once more enter the domain of the lym- 
phatic system, when they may be deposited in the tissue spaces or carried 
into the lymphatics of the lung. If they enter these lymphatics they 
will again be propelled centralwards toward the tracheo-bronchial nodes, 
and will at last reach these nodes unless they are intercepted in their 
course. They will suffer the same disposition as particles which are 
inhaled, which is described by Schafer (15) as follows: 


The lymphatics of the Jung often contain large mononuclear leucocytes 
(phagocytes) with carbon particles in their interior. These particles are 
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conveyed to and deposited in the connective tissue of the lung, especially in 
those parts which contain lymphoid tissue (italics the author’s); some of them 
are carried to the bronchial glands at the root of the lung. Such particles 
scattered about in the interlobular connective tissue give a slaty-gray appear- 
ance to the organ. The carbon particles are introduced with the air of respira- 
tion and appear to be conveyed from the interior of the alveoli into the pul- 
monary tissues by the agency of leucocytes, which are often seen, in sections 
of lung, within the air-cells. 


Miller (9) has made a study of the distribution of the lymphoid tissue 
in the lungs of various mammals; and from his paper I quote the fol- 
lowing points: 


The distribution of lymphoid tissue within thelung . . . . hasbeen 
passed over lightly in general descriptions of the histology of the lung 
Aes Arnold (16) . . . . established it as a constituent of 
normal lung. . . . . Oppel (17) has found lymphoid tissue in the 
bronchi of representatives of the vertebrate phylum from monotremes to man. 

The most interesting sections I have studied were taken from 
the lung of a common brown rat which was caught in the coal bunkers of a 
large steam heating plant. Figure 12 shows a portion of a section of the lung 
in which phagocytes in various stages of activity are seen more or less laden 
with pigment. Some of these are free within the alveoli, others are within 
the walls of the alveoli while still others have found their way into the mass of 
meer tissue where they have deposited their contents. Lymphoid tissue 

may be peribronchial, periarterial, perivenous or subpleural 

in the form of lymph nodes, lymph follicles or small masses of 
byenlaata tissue. . . . . Thesmaller masses . . . . may, like 
the lymph nodes, act as filters interpolated in the lymph circulation. They 
also serve as centres to which the phagocytes carry their collected material. 


Particles which are carried out of blood vessels would undoubtedly 
meet the same fate as those which are carried through alveolar epithelium 
into the pulmonary tissue. They will “drain” to the tracheo-bfon- 
chial nodes if the way is open: if it is not, they will be arrested in the 
course of the lymphatics by lymphoid tissue. We ‘would expect, there- 
fore, that the amount of pigment that remains in the lungs will depend di- 
recily on the number and size of the collections of lymphoid tissue in the 
lung, while the amount that goes to tracheo-bronchial nodes will be inversely 
proportional to the number and size of these collections. 

I have already mentioned (p. 142) that in the guinea pig the amount 
of lymphoid tissue is very small, and that the lymphatics are relatively 
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enormous, the tracheo-bronchial nodes unusually prominent and the 
intrapulmonary musculature extraordinarily heavy,—all features that 
point to an exceptionally active and unobstructed intrapulmonary lym- 
phatic circulation. As a matter of fact, all experiments on the inhala- 
tion of dusts by guinea pigs, especially the more recent ones by Mavro- 
gordato (18), bear out this opinion. It is not difficult to find dust 
throughout the guinea pig lung, if the animal is killed immediately after 
exposure to a dusty atmosphere. But, if the animal is killed several 
weeks later, then dust can no longer be detected im the lung: it has all 
been carried to the tracheo-bronchial nodes, where it can be easily seen. 
Only after very prolonged exposure (months) will dust remain perma- 
nently within the tissues of the lung. Mavrogordato also believes that 
much of the intrapulmonary dust is eliminated by phagocytes which 
again carry it owt of the interstitial tissue into the air passages; but, 
until this mechanism is definitely disclosed, its existence must be con- 
sidered very questionable. | 

By way of summary, therefore, particles that reach the lungs by way 
of the blood,*—and this is the only route by which particles that are in- 
troduced subcutaneously can enter the lungs,—may (1) pass through the 
capillaries and thus attain the general arterial circulation; (2) be ar- 
rested in the smaller blood vessels (most likely arterioles or capillaries) 
and remain im situ; (3) after stopping in the latter places, be carried 
through the vessel intima and be again in an area of lymphatic drainage; 
(4) remain anywhere in intrapulmonary lymphatics; (5) be carried 
centralwards to intrapulmonary lymphoid tissue; or (6) get to the tracheo- 
bronchial nodes. The relative perviousness of the lymphatic stream in 
the lung will largely determine the facility of drainage to the nodes. 

5. The passage from the periphery to the tracheo-bronchial nodes. 
After this long discussion of the possibilities of conveyance to and through 
the lung it need hardly be pointed out that the amount of material that 
reaches the nodes depends almost entirely on the amount that is thrown 
into the lymphatic circulation of the lungs.’ All recent investigations 
establish beyond a doubt that these nodes receive lymph from the lower 
part of the trachea, the lungs and the heart, and from these places alone 


4 Distribution by the bronchial artery is purposely neglected, in order to narrow and sim- 
plify the exposition. 

5 While the tracheo-bronchial nodes drain the heart, this sourceof supply of foreign par- 
ticles can be disregarded as relatively negligible, as may also the proper arterial blood supply 
of the nodes. 
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(see especially Most (7) and Hashiba (6) ). To get to tracheo-bronchial 
nodes particles must first enter the pulmonary and lower tracheal lym- 
phatics by one or the other of two routes, namely, (1) either by pene- 
trating the epithelial lining of the air passages, or (2) by emerging from 
the lumina of the blood vessels. In either case they at once come to 
lie in tissue spaces from which they may be conveyed to lymphatics and 
thence to tracheo-bronchial nodes. 

6. The passage from the periphery to the spleen. It is manifest that 
particles that enter the peripheral lymphatics can reach the spleen in 
only one way. Thisis by its proper artery of supply. The intermediary 
route must be as follows: (1) by the lymphatics into the venous system; 
(2) by the latter to the right side of the heart, and thence through this 
and into the pulmonary arteries; (3) by these into the lungs, through the 
pulmonary capillaries and to the pulmonary veins; (4) by the latter to 
the left side of the heart and into the arterial system of the general 
circulation. 

The spleen is a comparatively remote and isolated organ. Its blood 
supply is probably no greater than that of several other important vis- 
cera,® as, for instance, the lungs, liver, kidneys and brain; and we would 
presume that at any particular moment it would receive no more blood 
than any of these organs. If this is the case, it is likewise true that it 
would have brought to it no more foreign particles by the systemic cir- 
culation than would the other organs. If, therefore, it should happen 
that the spleen regularly exhibits more numerous or more extensive foci 
of a generalized infection—as, for instance, tubercle—than do other 
organs that have equal or greater opportunities (as regards numbers of 
bacteria) for infection we must assume that there is something inherent 
in the spleen that favors localization or development of the infection. 


‘This particular matter will receive more exhaustive attention in another 
study. 


7. Localization in and passage through the spleen. Asis the case in the 
lungs (if particles are blood-borne), there are two conceivable methods of 
the latters’ localization in the spleen; they may lodge in a finer blood 
vessel and remain there; or, after being temporarily arrested in a blood 
vessel, they may be conveyed out of its lumen. In the latter event, 
having now gained the lymphatic domain, they may lodge in tissue 

* While at its origin the splenic artery is very large,—larger, in fact, than either of the 
other two branches of the coeliac axis,—before it enters the spleen it supplies branches to the 
stomach, the great omentum and the pancreas. 
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spaces, or be carried into lymphatics. Once in lymphatics they will 
follow the course of the lymph circulation and will either (1) be arrested 
finally in the intrasplenic lymphatic tissue (Malpighian bodies) or (2) 
after temporary lodgment in these be carried further in the lymphatics, 
—to the efferent vessel of the spleen, the paraortic plexus and thoracic 
duct,—and by these again into the blood circulation to experience anew 
the multiple possibilities of the blood circulation; or (3) make this con- 
tinuous lymphatic transit without tarrying in any lymphoid collections. 
In this place, and in view of certain lymphatic routes that have been 
assumed by some authors to explain the localization of tubercle in sev- 
eral places, it may be emphasized (J) that there is normally no direct or 
indirect afferent lymphatic connection from the great plexus of the abdominal 
aorta to the spleen: and (2) that there is no direct or indirect efferent lym- 
phatic path from the spleen to the hepatic (portal) node. We may here 
anticipate our subject in respect to our proposition. It can be abun- 
dantly proved, and in another study the data will be brought forward to 
show, that those blood-borne particles (tubercle bacilli) to the lungs that 
become arrested in the small vessels, are very rapidly carried out of the 
latter and may soon be found in tissue spaces and the lymphatics of the 
vascular adventitia. If this is true of the mechanism of localization in 
the lungs, it is reasonable to assume that the same event occurs-in the 
spleen (or any other organ or part of the body). 

All particles which come to the spleen by its artery and are not 
“caught” in its blood vessels, continue through these and at once proceed 
to the liver by the splenic and then the portal vein. 

8. The relation of the liver to blood-borne foreign particles. In this de- 
scription particles that may conceivably reach the liver by way of the 
portal system after digestion will be disregarded and the exposition ap- 
ply only to those that have first gained the systemic circulation,—as 
after discharge from the thoracic duct into the venous system. 

The quantitative possibilities of the liver as regards its reception of 
blood-borne foreign particles should be fully appreciated. By the he- 
patic artery there enter the liver all those particles which are properly 
the “‘share” of this artery after material has passed through the capil- 
laries of the lungs. At the same time the portal vein conveys to it all 
particles which first pass through the pulmonary capillaries, are then dis- 
tributed to pancreas, gastrointestinal tract, and spleen, and likewise trav- 
erse the blood vessels of these later organs. Distribution to the lungs 
is mainly convergent; to the splanchnic area (that in the supply of the 
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coeliac axis) it is wholly divergent; to the liver it is partly divergent (by 
the hepatic artery) and to a large extent convergent (by the portal vein). 
The number of foreign particles brought to any ordinary organ of the 
body, except the lungs and liver, must stand in direct ratio to the relative 
amount of arterial blood which is its portion, and after these particles 
have been roughly “filtered” out by the smaller blood vessels of the lungs. 
The number of those that reach the lungs includes all that attain the en- 
tire systemic venous circulation. The number that come to the liver is 
a combination of those borne by its artery after they pass through the 
lungs and those from a very large and important domain of the body 
after they have traversed both lungs and the organs in this domain. 
From a theoretical point of view, therefore, blood-borne foreign mate- 
rial should reach the lungs in greatest amount, and the liver in far greater 
amount than any other organ except the lungs. If the amount of for- 
eign particles brought to the various organs (infectious microérganisms) 
were the sole determinant of the incident of infection and its extent, it 
would probably not be difficult to predict the location and quantitative 
character of various blood-borne infections. Experiments, then, like 
Oettinger’s (11), mentioned above, would be more significant in their 
purposeful relations. But, as we shall see later, there is a wide gap 
between the fact that an organ is in the path of a given number of par- 
ticles and the deduction that this given number finally localizes there. 

Particles that reach the liver by the hepatic artery and portal vein will, 
of course, experience the same fate as those that enter any other organ by 
way of an artery. They will either make the entire vascular circuit of 
the organ or they will permanently or temporarily lodge in the smaller 
vessels. 

If they pass through the blood vessels they will be at once conveyed 
back to the lungs. ; 

If they are arrested in the liver capillaries, some may be carried out of 
the lumina and into the lymphatic system, to make their way along this 
to the hepatic (portal) node or through this to the plexus of the abdomi- 
nal aorta, the thoracic duct, venous system and again the lungs. 

9. Summary. Subcutaneously injected inert foreign particles set up a 
rapid local inflanrmatory reaction at the site of injection. 

The degree of reaction depends on the amount and the irritating 
qualities of the foreign particles. 

This reaction tends to localize and confine much (perhaps most) of 
the material injected. 
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Some particles are conveyed (by phagocytic cells) into adjacent lym- 
phatics. 

The lymph stream now carries them centralwards. 

Intercalated lymph nodes arrest particles that are brought to them 
while, unless the nodes become completely obstructed, some particles 
may continue their transit through nodes. 

After the last (most central) node is passed particles reach the thoracic 
duct and thence the venous system, or the venous system without the 
intervention of the thoracic duct (from the head, neck, forelimb, etc.) 

From the venous system all particles converge toward the lungs, 
through which they may pass or in which they may be arrested. 

If they lodge in the smaller blood vessels of the lungs, they may remain 
in situ or may be conveyed (by phagocytic cells) out of theluminainto 
the tissue spaces. 

From tissue spaces they may again be carried into lymphatics and by 
these transported to intrapulmonary lymphoid tissue or hilum nodes. 

Those particles that pass through the pulmonary blood vessels (with- 
out embolizing) are distributed dispersively by the systemic arteries to 
the several organs and parts of the body. 

The spleen receives particles by way of the splenic artery alone. 

Such particles may pass through the spleen by way of the blood 
vessels or they may be fixed in the spleen. 

Those that pass through go direct to the liver by the splenic and por- 
tal veins. 

Those that are fixed may remain in the lumina of the smaller vessels 
or be carried out of these into the lymphatic system. 

In the lymphatic system they may be arrested in lymphoid collec- 
tions (Malpighian bodies) or be carried further to the splenic node, the 
cisterna chyli, thoracic duct and venous system, whence they return to 
the lungs. 

The liver receives particles by way of the hepatic artery and the por- 
tal vein. 

It therefore has brought to it material that passes through the blood 
vessels of the lung, as well as material that makes the blood vascular 
circuit of the great splanchnic region. 

Such particles may go by the blood directly through the liver and 
thus back to the lung. 

Or they may lodge temporarily or permanently in liver capillaries, 
arterioles and venules. Some may be carried out of the lumina of the 
finer vessels into the lymphatic system. 
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These latter will then remain fixed in the lymphatics of the liver, or 
‘drain’ by these to or past the hepatic (portal) node. 

From this node their course will be into the great lymphatic trunks, 
and thence to the venous system and back to the lungs. 


THE MORE VISIBLE RESULTS OF THE SUBCUTANEOUS INFECTION OF GUINEA 
PIGS WITH LIVING TUBERCLE BACILLI 


We assume—and there is not the slightest reason to question the va- 
lidity of the assumption—that the normal channels of distribution and 
the mechanism of transportation of non-motile pathogenic microér- 
ganisms, like tubercle bacilli, are the same as those we have described 
for foreign bodies. In fact, it is more than likely that, by studying the 
effects of tubercle bacilli, we can with greater distinctness lay bare cer- 
tain points where the course and transit of inert foreign bodies pass into 
relative obscurity. | 

While the paths and methods of distribution are the same for both 
foreign bodies and tubercle bacilli, it is at once obvious that as regards 
later and remote further metastasis and localization the possibilities are 
vastly different. All who have practised the experiment agree that both 
foreign particles and tubercle bacilli, if introduced in quantity into the 
blood circulation, disappear from it with remarkable rapidity. In other 
words, they are soon fixed somewhere—at many points in the body. 

Now all inert foreign particles will soon be permanently confined at 
particular places. The tissues will react to them; and, incapable of 
reproduction and multiplication, and progressive necrotizing effects, 
they will not form depots from which successive generations may be mo- 
bilized and spread further. But living tubercle bacilli do form such de- 
pots. As long as bacilli remain alive and as long as the natural paths 
of distribution persist unobstructed, there is always the likelihood of an 
increment of infection at points to which the paths converge and a dis- 
persion of bacilli from these latter points. Lymphatic transmission or 
ulceration into a vein will bring about convergent (centralward) distri- 
bution. Ulceration into sytemic arteries will cause dispersive distribu- 
tion. Tendeloo (19) is of the opinion that this latter type of metastasis 
may occur without ulceration. He thinks that cheesy tubercles may 
project into arteries and “bacilli penetrate through the intima just as 
they get out of a cheesy focus with thin, non-fibrous wall into the neigh- 
borhood, although there can be no claim that the focus has broken 
through.” 
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If inoculation of human tuberculosis is performed into a guinea pig’s thigh, its 
effects develop in the following order. The local wound (/’accident) is insignifi- 
cant. It is composed merely of several small, yellowish granulations, if the 
inoculated matter is pure. But, if pyogenic substances have been introduced 
with the tuberculous material, the wound presents itself as a purulent ulcer 
(clapier). Nevertheless, the consecutive progress of the lymphatic infection 
differs but little in either case. About fifteen days after the insertion of the 
virus, the inguinal nodes of the inoculated side begin to swell, and this is then 
a certain sign that the animal will die of tuberculosis.. At about the twentieth 
day, the iliac nodes (Jes ganglions sous-lombaires) of the same side are in turn 
affected, while the entire lymphatic system of the opposite side remains per- 
fectly healthy. Between the twenty-second and twenty-fifth days tubercles 
appear in the spleen, at the same time that the hepatic node (/e ganglion retro- 
hepatique) becomes enlarged. Following this, the virus crosses the dia- 
phragm and its dissemination no longer preserves its unilateral character. 
The lungs and bronchial nodes become indistinctly tuberculous. At about two 
months tuberculization is general; and at length it also appears in the iliac and 
inguinal nodes of the side opposite the inoculation. Ina guinea pig that has 
been inoculated in the thigh, the evolution I have indicated is so constant, that 
from the animal’s lesions one can determine the place and date of inoculation, 
from the point where invasion of the lymphatics has ceased. 


The above description, written almost thirty years ago, is by Arloing 
(20). It will serve as a concise account of the roughest outlines of the 
most superficial sequelae of subcutaneous infection in the guinea pig. 
It is an average picture: after infection with large doses the inguinal 
nodes will swell before the fifteenth day, while after very small doses 
palpable tumefaction may be delayed until three weeks have elapsed. 
Twenty days is too late a time to set for the appearance of the first visi- 
ble changes in the iliac nodes; these appear by the end of two weeks in 
most cases. Microscopic tuberculosis of the spleen is not uncommonly 
delayed until the end of the fourth week. The Malpighian bodies of 
the guinea pig spleen are normally very prominent. In many healthy 
spleens they may be unduly prominent and delude the observer; for tuber- 
cle of the spleen may in its early development appear as enlargement of 
the Malpighian bodies; and I have now and again seen a dispute as to 
the presence of splenic tubercle settled only by resort to the microscope. 
If nodules are discrete or if an occasional Malpighian body is manifestly 
larger than the others, we are usually correct in calling the spleen tu- 
berculous, that is, if tubercle is present elsewhere in the body: but when 
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more or less general hyperplasia of the lymphoid tissue exists caution 
must be exercised in diagnosis. 

Arloing does not mention infection of the liver in this description and 
by implication associates involvement of the hepatic node with disease 
of the spleen. The features of infection, as they impressed him, are the 
slight local (inoculation) reaction; the tardy development of lesion in 
the regional nodes, followed by an orderly sequence of progress up the 
lymphatic chain; the early involvement of the spleen with coincident swelling 
of the hepatic node; the indistinct tuberculization of the lungs and tracheo- 
bronchial nodes; the early restriction of lesion to the retro-abdominal 
lymphatic chain of the same side as the inoculation; and involvement of 
lymphatics of the other side only after dissemination becomes general. 
What is particularly striking is that he noticed the tendency for tubercle 
to localize in the spleen, while the lung is relatively spared. 

Several of these features that Arloing noticed have been the subjects 
of experiment and analysis, and will be taken up in turn in the following 
treatise. Matters that will receive the most exhaustive attention are 
infection of the lungs and its relation to infection of the tracheo-bronchial 
nodes. Another major problem, to be considered in a later study, is 
infection of the spleen and its relation to infection of the hepatic node. 
Subsidiary points of interest which will be discussed are the local (sub- 
cutaneous) reaction to inoculation and its relation to infection of the 
inguinal and iliac nodes. The dependence of one organ upon another as 
regards infection has stood out prominently in our studies and will receive 
consideration. Since such possibilities as those regarding the rate and 
course of dissemination of tubercle bacilli in the animal under observation 
must be understood before any sound interpretation of the course of in- 
fection is permissible, these were investigated by experiment; and their 
details, results and applications will be set down first. 


THE RATE OF DISSEMINATION OF TUBERCLE BACILLI AFTER PRIMARY 
SUBCUTANEOUS INOCULATION OF THE GUINEA PIG 


There are few experiments on record which have approached this 
problem in a way that is reasonably free from criticism. An early at- 
tempt to determine the rapidity of the spread of tubercle bacilli in the 
guinea pig was by Arloing (20). Five days after subcutaneous (groin) 
inoculation of four guinea pigs with human tubercle he removed the in- 
guinal chain of nodes from two. When he killed the four animals two 
months later, he found all to be equally tuberculous. 
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This result showed Arloing that before the sixth day after inoculation 
lymph nodes which were normal to the eye and touch had failed to ar- 
rest all bacilli in the region that was tributary to them; and he con- 
cluded that “the transport of tuberculous virus by the lymphatics was 
in general rapid.” 

In 1907 Oehlecker (21) reported experiments that were more satisfac- 
torily planned. After a preliminary experiment he inoculated 5 guinea 
pigs in the right groin with a small loop of an emulsion of human tubercle 
bacilli. On the third, fifth, seventh, eleventh and fourteenth days, he 
killed individual animals and removed their iliac, paraortic and tracheo- 
bronchial nodes, spleen and lungs. He inoculated each organ (or a large 
part of it) in turn into normal guinea pigs; and by this method discovered 
that in his first 5 animals tubercle bacilli had not reached any of the 
removed organs by the third day. On the fifth day, however, they 
were shown to be present in the iliac nodes, lungs and spleen, though 
still absent in the paraortic and tracheo-bronchial nodes. By the sev- 
enth day they were also demonstrated in the paraortic nodes, while the 
tracheo-bronchials were still free. On the eleventh day they had ap- 
peared in the latter nodes; and the circuit from periphery to centre was 
now complete. 


The following table (table 1) taken from Oehlecker will bring out his 
findings more sharply: 


TABLE 1 


From Oehlecker: to show first day of infection of several organs after subcutaneous inoculation of 
right groin 


PARAORTIC 
NODES WITH TRACHEO- 
WHEN KILLED AFTER INFECTION ILIAC NODES PIECE OF BRONCHIAL 
THORACIC NODES 

DUCT 


The rate and peculiarities of the spread of tuberculous infection in 
both the guinea pig and rabbit have engaged my attention for a long 
time. I was particularly interested in how long it might take the bacilli 
to make the entire circuit of the body, that is, from periphery and up 
the retro-abdominal lymphatic chain to great lymphatic trunks, to 
blood, to lungs, to tracheo-bronchial nodes. Other questions of interest 


LUNGS SPLEEN 
On seventh day............... + + 
On eleventh day.............. + + + + + ‘ 
On fourteenth day............ + + a + + 
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were whether visible infection would occur in the tracheo-bronchial 
nodes, yet at the same time be unobservable in the lungs; whether late 
metastatic infection, because of the allergy which the animal had acquired, 
would develop differently from early, primary tubercle; whether the 
anatomic character of the lesion varied in different organs,—in the lungs, 
for instance, as compared with a lymph node; etc. 

About seven or eight years ago I began to make observations on some 
of these points; and in 1917 and 1918 had Dr. Lange, under my direction, 
perform several preliminary experiments to determine the earliest ap- 
pearance of bacilli in the tracheo-bronchial nodes, after inoculation of a 
remote place like the right groin. A summary of the results of these 
first experiments has already been recorded (4): it appeared that bacilli 
reached the nodes from six to nine days after inoculation. Material 
had been removed from inoculated guinea pigs at intervals from six 
hours to thirteen days after infection, and had then been injected into 
fresh, normal animals. But the results of this first work were irregular 
and not entirely satisfactory; and it was determined to repeat it on a 
larger scale. This later experiment which follows was carried through 
with the assistance of Dr. Willis. 

1. Purpose of the experiment. To determine the first manifestation of 
tubercle bacilli in various parts of the body, but especially in the lungs 
and tracheo-bronchial nodes, after subcutaneous inoculation of large 
doses into the right groin and to note the first appearances of lesion, both 
gross and microscopic. 

2. Plan of the experiment. First: to inoculate a number of guinea 
pigs. Second: beginning four days after infection’ to kill two animals 
of this series and remove from each the site of inoculation (subcutaneous 
tissue and superficial inguinal chain of nodes), iliac nodes, spleen, lungs 
and tracheo-bronchial nodes, and to note and describe carefully the 
gross appearance of all tissues: to repeat this procedure at intervals 
after four days. Third: on every “observation day,” to inoculate indi- 
vidual normal guinea pigs (subcutaneously, right groin) with all the 
material from one of the several organs removed from one of the above 
animals, and later to observe at regular intervals the condition of such 
inoculated guinea pigs. Fourth: to use the tissues of the other of the 
two animals, above mentioned, for histological study. 


7 Four days was chosen because the earlier experiments had indicated that the tracheo- 
bronchial nodes were not infected until from six to nine days after inoculation. 
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3. Technique of the experiment. 

a. The suspension used. Was of human tubercle bacilli, of known 
and average virulence (strain H 37, Saranac Laboratory). A heavy 
suspension was prepared from a luxuriant glycerin-agar growth, two 
weeks old. This was then centrifugated at the highest speed (about 3000 
revolutions per minute) for one minute. The supernatant suspension 
which was opalescent was used for inoculation. 

b. Inoculation of animals. On December 23, 1918, subcutaneous in- 
oculation was performed into the right groin of 24 adult guinea pigs. 
Each received 0.25 cc. of the above suspension from a Record syringe. 
After the inoculation, the entire groin region of each animal was at once 
sealed with cotton and collodion. 

c. Autopsies of animals and removal of material for injection. Ani- 
mals were killed and the tracheo-bronchial nodes, lungs, spleen and iliac 
nodes removed for injection into other normal guinea pigs at 4, 5, 6, 7, 
8, 9, and 12 days after inoculation. After twelve days the iliac nodes 
were noticeably involved. Their injection was therefore discontinued 
and at 18 and 22 days only tracheo-bronchial nodes, spleen and lungs 
were injected. At 26 days only the lungs and tracheo-bronchial nodes 
were used. 

The autopsies and removal of material were performed as follows: 
The front, sides and legs were cleanly shaved and washed. The body 
was then wrapped in cloths that had been soaked in 5 per cent carbolic 
acid, and allowed to remain in these for from ten to fifteen minutes or 
longer. At the end of this time autopsy was begun at thecephalic end 
of the body, and only enough of the carbolized covering was removed at 
any one place to allow exposure of the part to be worked on. With 
frequent changes of freshly sterilized instruments, a small opening was 
first made in the front of the thorax and all tracheo-bronchial nodes 
carefully dissected out, washed in sterile physiological salt solution, and 
put in a sterilized mortar. The lungs were next dissected out with the 
same care; then the spleen, and finally the right iliac node. 

As has been mentioned, a second animal was always killed at the same 
time, and the same tissues together with those of the inoculation site 
removed for histological study. 

d. Preparation and inoculation of materials. The material of the 
whole of both lungs, of the spleen, of the iliac or of the tracheo-bronchial 
nodes was always injected into single guinea pigs. Each organ was first 
cut into small bits with a sterile scissors, and these ground in a mortar by 
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being rubbed over sterile copper gauze. The entire spleen is readily re- 
duced to a pulp which can be injected through a needle of small calibre. 
But lungs and lymph nodes contain a good deal of tough, stringy tissue 
which cannot be so finely divided. The lungs and nodes were therefore 
ground a long time with a small amount of physiological salt solution 
and all the material from each organ that remained in suspension was 
used for injection. This always included almost all the solid substance 
of the tissues in question. 

4. The results of the injection of tissues. 

a. As indicating the rate of spread of bacilli. These injections dis- 
closed that, with a single exception, tubercle bacilli were always present 
in all the tissues removed from four days after infection on. The excep- 
tion was that no bacilli were in the tracheo-bronchial nodes that had 
come from the guinea pig inoculated five days before: the animal in- 
jected with these nodes remained free from tubercle. But all tissues,— 
iliac nodes, spleen, lungs and tracheo-bronchial nodes,—from the guinea 
pig that had been infected in the groin four days before produced tu- 
berculosis in the animals into which they were injected. Four days, 
therefore, after bacilli had been introduced into the subcutaneous tissue they 
had traversed all lymphatic barriers, had got from the lymph stream into the 
blood, had passed by the blood into the lungs, had left the lumina of the smaller 
blood vessels of the lungs, had gone into the pulmonary lymphatics and had 
by these been carried to the tributary tracheo-bronchial nodes. From detailed 
observations that were made and will be given later, it is unlikely that 
the transit to lungs was direct by way of the blood and initiated by ba- 
cilli. being inoculated into capillaries of the groin, nor is it admissible 
to suppose that the tracheo-bronchial nodes were for the most part 
infected by their own artery of supply. 

These inoculations were made with very large doses of bacilli and 
were performed more with the idea of determining possibilities than to 
attempt to reproduce “natural” conditions. How much earlier than 
four days bacilli can make this complete circuit of the lymphatic and 
blood circulations,—as from tissue spaces, to lymph, to venous system, 
to lesser circulation and again to lymph circulation as in the case of tra- 
cheo-bronchial node infection; or from tissue spaces by the same route to 
lesser circulation and then to greater circulation, as in the case of the 
spleen,—this must remain a matter of speculation. 

At any rate, the time of infection of the lungs and spleen coincided 
with that noted by Oeblecker,—the fifth day; and that of the tracheo- 
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bronchial nodes antedated Oehlecker’s first observation of it by six days. 
As has been already stated, infection was regularly noted in all the tis- 
sues from four days on, except that at five days the tracheo-bronchial 
nodes of the particular animal used were sterile. Oehlecker had a simi- 
lar experience, in that while the spleens of the fifth and eleventh day 
after infection contained bacilli, that of the seventh day “missed” 
infection. 

There are several cogent reasons that might be adduced in proof of the 
contention that, by the method described above, infection of an animal 
is initiated in a purely lymphogenous manner, and that, if bacilli in some 
way or other would happen to get directly into the blood stream (without 
the intervention of the lymphatic system), this must be a rare accident. 
But it is only necessary to call attention to one circumstance which 
appears decisive in this connection. 

We had performed this identical method of inoculation many times 
before. In the early experiments Dr. Lange had made injections into 
new guinea pigs with tracheo-bronchial nodes removed six, twelve, 
eighteen and twenty-four hours, and then daily from two to six days 
after infection. The early removed tissues were all sterile: only after 
six days were tracheo-bronchial nodes encountered that contained bacilli. 
Oehlecker’s experience was similar; his three day tissues were all sterile 
and infection appeared step by step at later intervals. 

If bacilli had been introduced directly into the blood at the site and 
time of inoculation, or later, through the formation of delicate granula- 
tions, etc., and in this way had got to the lungs and other viscera, we 
would surely be able to detect them by the early inoculation of these 
organs. Yet it is just at this time when they are found to be absent in 
these locations. 

b. As indicating the relative numbers of bacilli conveyed to the 
several organs and tissues. Early in the work we had indicated to us 
certain features of the spread of infection that were perhaps more im- 
portant than the rate of dissemination of bacilli, the matter we had set 
out to investigate. They were certainly as enlightening and suggestive. 
The discovery was more or less fortuitous, and came about in the 
following way. 

It had never been our habit to allow an animal to go unobserved from 
the time of injection with problematically tuberculous material to the 
time of autopsy. Beginning about two weeks after the injections and 
at regular intervals thereafter we had been accustomed to examine every 
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animal carefully and to note all evidences of the presence or absence of 
infection and its progress. As a result of this procedure in this experi- 
ment it soon appeared that infection was by no means developing alike 
in the several animals that had received the spleen or the lungs or the 
tracheo-bronchial nodes of the same tuberculous guinea pig. Insome, 
palpable infection came to light earlier than in others, and developed 
more rapidly and to a greater degree, and as a rule kept in advance of the 
process in the latter. A specimen protocol will serve to bring out these 
differences more clearly. 


Protocol. Guinea pig 2 was infected on December 23, 1918. Four days 
later (December 27) the bronchial nodes were injected (right groin) into nor- 
mal guinea pig, 2A; the lungs into 2B; the spleen into 2C; and the iliac nodes 
into 2D (all as above described under Technique). 

Twenty days later (January 16, 1919) animals 2A, 2B, 2C, and 2D were 
examined, and notes made of conditions at the site of injection. 


The “readings” follow: 
2A (tracheo-bronchial node animal). No reaction. 
2B (lung animal). No reaction. 
2C (spleen animal). Questionable reaction. 
2D (iliac node animal). Marked and definite reaction. 


At twenty-seven days (January 23) the notes are as follows: 
2A. Definite reaction. 
2B. Apparent reaction; slighter than 2A. 
2C. Definite reaction. 
2D. Marked reaction. 


At thirty-four days (January 30): 
2A. Marked reaction. 
2B. Definite reaction; slighter than 2A. 
2C. Very marked reaction; greater than 2A. 
2D. Very marked reaction; greater than 2C. 


At forty-seven days (February 12): 
2A. Very marked. 
2B. Marked; a little less than 2A. 
2C. Very marked; about the same as 2A. 
2D. Very marked; about the same as 2C. 
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At fifty-four days (February 19): 
2A. Very marked on right side. Suspicious on left. 
2B. Very marked on right side; here about same as 2A. 
2C. Same as 2A. 
2D. Same as 2A. 


Ceteris paribus, the time of the first manifestation of lesion and the 
rapidity and vigor of its early development after subcutaneous infec- 
tion are dependent on the numbers of tubercle bacilli originally intro- 
duced. Indeed, these criteria are, within certain limits, a better and 
more certain index of initial dosage than the extent of involvement of 
the body at a later period. If, now, one glances at the above protocol, 
one is at once struck by the circumstance that the tracheo-bronchial 
nodes produced lesion earlier than did the lungs and that for at least 
seven weeks the process due to injection of the lungs kept behind that 
set up by the nodes. This event was plain at our very first observations, 
and was rather astonishing for, if our current conceptions of pulmonary 
and tracheo-bronchial node relationships in tuberculous infection were 
sound, we had every reason to anticipate that both lungs would contain 
more bacilli than their regionary nodes, and that, therefore, the bacilli 
would evolve their effects first in the lungs. 

A few observations on the activity of material from a single animal 
hardly constitute data for an inclusive generalization. But, as time 
elapsed, and our records became more complete, we found that what has 
just been described in animals 2A and 2B happened with hardly an 
exception in all other similarly treated animals of the experiment. 

That the reader may appreciate the definiteness and regularity of this 
occurrence, and that he may also become familiar with the comparative 
infectiousness of all the injected materials, I have prepared table 2. 
The descriptions in the table are exact transcripts of our records, made 
at the times noted. The table shows the beginning and the character 
of the further development of the local infection, as this occurred after 
guinea pig inoculation of the several organs removed from other guinea 
pigs at varying intervals after infection of the latter. 

Analysis of table 2. A general survey of the table at once discloses how 
it reflects the significance of dosage throughout. No matter what the 
injected material was, if it came from guinea pigs thathad beeninfected 
only a few days before, by the third week palpable lesion is absent or is 
just getting under way. If, however, the original donor had been tu- 
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berculous for two weeks or longer, then material removed from it is 
producing appreciable effects as early as five, six or nine days after its 
injection; and by the end of the second week lesion is marked. Bacilli 
in four and five day material seem to be comparatively few or absent 
(4A). By six days they are more numerous in the animal under obser- 
vation; and if one runs down the fourth week column one finds that reac- 
tion is uniformly much more marked at this time if the injected tissues 
came from a guinea pig that had been infected at least six days. 

As a general thing, too, the iliac nodes set up the earliest and most 
marked infection (a single exception is 12D). This is what we should 
predict, for we would expect the iliacs, which are close to and practic- 
ally in direct lymphatic connection with the portal of entry, to contain 
more bacilli than more remote organs early in the infection. 

Infection due to the spleens keeps ahead of that set up by the lungs. 
In guinea pigs visible tubercle of the spleen ordinarily develops long 
before that of the lungs, and, at any stage of the disease, is commonly 
much more extensive in the former organ. The experiment shows that 
soon after infection there are more bacilli confined within the spleen than 
within both lungs. And, in this connection one should remember that 
all bacilli came to the spleen with the blood and that in their course to 
the spleen all passed through the capillaries of the lungs. 

But it is the content of bacilli in the lungs, compared with that in the 
tracheo-bronchial nodes that should engage our most earnest attention. 
With a single exception (4A versus 4B) the experiment shows definitely 
that, from as early as the fourth to as late as the twenty-sixth day after 
infection, there are at any time more tubercle bacilli in a guinea pig's tracheo- 
bronchial nodes than in its lungs. As is the case in every other mammal, 
the blood supply to these nodes is by the bronchial artery (see Willis 
(8) ). We cannot imagine that bacilli are to be found in such abundance 
in these nodes because they are carried there by the relatively insignificant 
branch of the bronchial artery that runs to the tracheo-bronchials. 
Other larger nodes in the guinea pig, as for instance, the submazxillaries, 
never exhibit tubercle unless they lymphatically drain a focus of tubercle 
or generalized infection is very advanced: yet they have their artery of 
supply,—as do the axillaries, the left iliacs, the left superficial inguinals, 
etc., and these two latter chains never exhibit tubercle until very late in 
a generalized infection. The path to tracheo-bronchials put forward by 
Weleminsky (22),—from superficial inguinals to iliacs to “lumbar” 
nodes, and thence by direct lymphatic afferents to tracheo-bronchials,— 
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as well as any other lymphatic path except those from heart and lungs, 
has been pretty thoroughly disposed of ( (6) (7) and Beitzke (23) ). 
The only way in which so many bacilli could have come to the tracheo- 
bronchial nodes is lymphatically from the lungs: and, since they must 
have entered the lungs by the blood, to get into the intrapulmonary lym- 
phatics they must have first been temporarily fixed in the blood vessels 
and carried, through the walls of the latter, out into the tissue spaces® 
and lymphatics. 

We are therefore led to the conclusion that for a time after pulmon- 
ary infection (infection, not lesion) is first established most bacilli are 
expelled from the lung (of the guinea pig) by the lymphatics. In other 
words, the guinea pig lung has an active and measurably competent 
capacity of “cleansing” itself—a mechanism that must mean much to 
the animal’s economy and may be no doubt modified by all factors which 
might affect the integrity of the intrapulmonary lymphatic circulation. 
Later in this study, and in a future study (on infection in the rabbit), we 
shall again take up details of this experiment to support a thesis we 
hope to establish concerning tuberculous infection of the lungs and their 
lymph nodes. 

5. The evolution and spread of macroscopic changes from the point of 
inoculation. ‘The experiment afforded a good opportunity to observe 
systematically gross changes as these unfolded themselves from day to 
day. We would not add a great deal to the numerous well-known 
descriptions of what might be termed the average macroscopic appear- 
ance of lesion after guinea pig infection. Nevertheless, it may be well 
to cite a few notes from our records, inasmuch as they point out possi- 
bilities as to the time of the first appearance of visible lesion after massive 
infection. 

The site of inoculation of bacilli exhibits acute subcutaneous reaction 
up to the ninth day after infection. 

Beginning at six days, distinct changes are to be noted in the super- 
ficial inguinal nodes: at this time the latter are “slightly enlarged and a 
little more opaque than normal;’’ at seven days, ‘enlarged and opaque;” 
at twelve days, “enlarged, opaque andwith yello wish spots” (necrosis) ; at 
eighteen days, there is an abscess of the soft tissues and “proceeding 
cephalicwards a chain of 5 to 7 enlarged nodes of which the one next to 
the abscess is largest and shows necrotic spots.” 


8 Most of such bacilli probably do not get further than the adventitia of the vessels, in 
which lymphatics run. Tissue spaces exist, of course, in the walls of blood vessels, just as 
everywhere else. 
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At four days the right iliac node appears normal; at six days it is “‘some- 
what enlarged, but pellucid;” at twelve days it is ‘enlarged and opaque;” 
while at eighteen days it is “‘as large as a bean and necrotic.” 

The first time that the spleen can be called tuberculous is at twelve 
days, when it shows 8 to 10 small, yellow tubercles; and at eighteen 
days and afterwards lesion is always well established. 

The paraortic nodes were noticeably enlarged from twelve days on. 

The lungs never exhibited gross tubercle,—up to twenty-six days. 

The first time that the tracheo-bronchial nodes were unquestionably 
tuberculous was at twenty-two days, though before this there were sug- 
gestions of tubercle in these nodes. Until considerable enlargement oc- 
curs, early gross tuberculosis of the tracheo-bronchials is difficult to de- 
termine. The nodes are often completely involved without a trace of 
necrosis. When tuberculous they are usually whitish, have lost their 
pellucid appearance, and are firmer than usual,—often to stony hard- 
ness. Slight or early tracheo-bronchial node involvement is frequently 
overlooked by the untrained eye. 

At eighteen days the retrosternal nodes (the nodes of the internal 
mammary artery) were “enlarged, firm and opaque.”’ It will be remem- 
bered (see p. 141) that these nodes receive lymphatics from the tracheo- 
bronchials (as well as from the diaphragm and intercostal muscles). 
Their involvement is almost presumptive evidence that the tracheo-bron- 
chials have been infected. Many authors have noted that in guinea 
pig infection they are among the first structures to exhibit changes such 
as enlargement and opacity. 

6. The earliest microscopic evidences of infection in the right iliac and 
tracheo-bronchial nodes. We have as yet not finished our histological 
studies. These have thus far been centered on observations of the right 
iliac and the tracheo-bronchial nodes, although the other tissues have 
received incidental attention. We hope to present later the complete 
microscopic studies of the development of infection from the portal of 
entry to tracheo-bronchial nodes and spleen; but in this place I shall 
record only a few observations and discuss briefly their probable sig- 
nificance. 

a. Changes in the right iliac nodes. It will be remembered that at 
four days the gross appearance of the right iliac node was normal, at 
six days it suggested involvement, and it was not definitely tuberculous 
before twelve days. 
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Bacilli were however present in sufficient number to be seen in occa- 
sional (that is, not serial) sections, and had brought about very minute 
tissue changes at a much earlier period than twelve days. 

Figure 2 represents a field in a section of a right iliac node fourdays 
after infection of the right groin. It should be noted that there is a 
definite aggregation of bacilli at one spot, and that at this point the lym- 
phoid cells have disappeared and there is a very tiny area of what is 
apparently necrosis.° 

Figures 3 and 4 are drawings of fields in two different sections of the 
same iliac node six days after infection. In figure 3 we see a large clump 
of bacilli without any tissue change. In figure 4 bacilli are flourishing 
luxuriantly and in their neighborhood there has been a very evident loss 
of lymphoid cells. This field brings out on a small scale what we have 
noticed to be a uniform feature of the early reaction of lymph node tis- 
sues to tubercle bacilli. This feature is the entire absence of tubercle 
(using the term in its histo-anatomic sense). 

Although we have examined scores of slides of recently infected lymph 
nodes we have never once seen lesion begin and proceed in the manner 
that is considered characteristic of tuberculous infection; that is, as a 
more or less orderly and layered aggregation (proliferation) of cells. 
Nothing comes to view early that suggests the nodular nature of tubercle. 
These early changes in lymph nodes have no proliferative features about 
them; nor have they any inflammatory features, for accumulations of 
leucocytes are lacking. In the uniformly dark blue background (uniform 
except for the lighter germinal centres) that is made up mainly of lym- 
phoid cells, one first notices extremely minute and angular lighter areas 
that look like little holes in the section. If then one turns a lens of 
higher power to these points, it is here that tubercle bacilli are most 
likely to be found. The areas appear light because the lymphocytes 
have disappeared from them, or, as in figure 4, because these are appar- 
ently necrotic and have become mere shadows. The periphery ofthese 
areas is not darker than usual; as has been said, there are no features of 
exudation (inflammation). As time goes on these areas become larger 
and larger, when they may stain uniformly yellow and now disclose 
that they are apparently made up of large cells that look like epithelioid 
cells: yet these are not arranged concentrically and in globular fashion 

9 All tissues were fixed in Zenker’s fluid, embedded in paraffin, and stained with carbol 


fuchsin, decolorized with weak acid alcohol (1 per cent hydrochloric acid in 95 per cent alco- 
hol), and counterstained with haemotoxylin (Ehrlich’s) and orange G. 
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as is the case in early tubercle in other tissues; and I have sometimes 
been of the opinion that they probably represent the normal reticulum 
cells of the node which have been made more prominent because the lym- 
phocytes are no longer present. As time goes on these cells may lose 
their nuclei as they become necrotic in which event we are likely to see 
exudation for the first time, as the field becomes blackened with poly- 
morphonuclear leucocytes and the necrotic tissue shows evidences of 
fragmentation. 

At any rate, early lesion in these lymph nodes seems to develop dif- 
ferently than in other organs: it is characterized by astonishingly early 
necrosis, by a disappearance of lymphoid elements and by a thorough 
absence of nodular character. 

Figures 2, 3, and 4 indicate that bacilli have been present in the 
nodes for some little time. In the four day node (fig. 2) there has al- 
ready been a multiplication of bacilli with tissue change: single phago- 
cytes could not carry so many bacilli and scatter them as shown in the 
illustration. Bacilli and lesion in this node were by no means numerous 
or marked: neither was found without prolonged and painstaking search. 
But at six days the quest was easier: the section from which figure 4 
was drawn showed several areas like figure 4. Figure 3 probably repre- 
sents an actively growing clump of bacilli which have focalized only very 
recently; for, though the clump is large, the bacilli have not become sep- 
arated and have not spread as in figure 4, nor have they damaged the 
surrounding cells. In none of these particular fields did the bacilli ap- 
pear to lie within the cells, although figure 3 conveys the impression 
that they are thus enclosed. 

It has been our experience to find that the first microscopic manifesta- 
tions of infection of the iliac node are practically coincident with those 
of the superficial inguinals. Macroscopic lesion of the superficial inguin- 
als, however, certainly precedes that of the iliacs: this circumstance is 
undoubtedly dependent on such factors as dosage. Nevertheless, all 
our observations have given us the impression that passage from the 
superficial inguinals to the iliacs is extraordinarily early and rapid, and 
that as soon as bacilli have reached the inguinals some pass through and 
proceed to the iliac of the same side. 


10 These drawings were made by picturing all the cells at one level (usually the level that 
brought out tissue changes best) and then figuring all the bacilli that were to be seen at the 
several levels of the field. The sections are from 7 to 10 micra thick, or several focussing 
planes of the oil immersion lens. 
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At eight days microscopic lesion of the iliacs was quite plain. It was 
then extending rapidly. At twelve days a considerable part of the cross 
section was involved. 

b. Changes in the tracheo-bronchial nodes. The most extensive and 
prolonged studies have been made of sections of the tracheo-bronchial 
nodes. These have been gone over again and again in endeavors to detect 
bacilli and beginning lesion; but not the slightest sign of either has been 
discovered in any section of those nodes removed from four to nine 
days after infection. 

In the twelve day node, however, both bacilli and lesion were found. 
These are depicted in figures 5 and 6, both of which are drawings of 
fields from the same section of a left tracheo-bronchial node twelve days 
after right groin infection. 

In figure 5 the tissues are entirely normal except for one cell which is 
carrying a peculiarly arranged clump of tubercle bacilli. This is evi- 
dently a dead or dying cell. It stains deeply with the cytoplasmic stain 
(orange G) and its nucleus is more or less shrivelled, and withdrawn to 
one pole of the cell. There is no doubt in this case that the bacilli are 
intracellular. The whole picture gives one the impression that here is 
a cell of some kind (I shall not attempt to denominate it) which has 
picked up a tubercle bacillus somewhere and carried it into the node, 
the bacilli meanwhile multiplying and the cell being struck with dis- 
ease and possibly death. We can easily imagine how, with the approach- 
ing decay of the cell, the bacilli will be set free and ready to exert their 
pathogenic effect on the surrounding tissues. 

Figure 6 shows a pair of bacilli in a minute area from which the lym- 
phocytes have disappeared and in which there is beginning necrosis. 

The record of the gross appearance of the node from which this section 
was made is that the former was normal. The spleen of the same ani- 
mal contained a few small tubercles, the paraortic nodes were enlarged 
and the right iliac enlarged and opaque. 

At eighteen days the tracheo-bronchial nodes of animal 15 were normal 
to the naked eye. Nevertheless, the microscopic sections disclosed 
numerous small lesions, as evidenced by small light areas with loss of 
lymphoid tissue. It was in this same animal that the retrosternal nodes 
(those of the internal mammary artery) were first described as being 
enlarged and opaque. 

Inoculation of tissue into animals is of course a vastly more delicate 
method of determining the presence of tubercle bacilli than is histo- 
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logical examination. To asseverate on the basis of microscopic observa- 
tion that bacilli do not exist in a tissue or organ would be possible only 
after the most tedious and perhaps impracticable labor; for it would pre- 
sume that the examiner had gone completely through serial sections of 
the entire tissue or organ in question. Therefore, while a positive his- 
tological report is decisive and may settle a disputed point, a negative 
one must always be accepted with some reservation. It is a task of the 
utmost difficulty to find bacilli in practically normal lymphoid tissue, 
when the bacilli are few; and the fact that several bacilli were seen in 
two different fields of the same section indicates that in this case, at 
least, they were present in no inconsiderable number if we view the 
tracheo-bronchial node as a whole. Yet it only was twelve days after 
right groin infection, and the gross appearance of the node was normal. 

This finding may be contrasted with Oehlecker’s (table 1). It will be 
remembered that by inoculation the latter was not able to demonstrate 
bacilli in the tracheo-bronchial nodes until eleven days after infection, 
while here is visible evidence of their presence twelve days afterwards. 

7. Summary. By the method of tissue inoculation it has been shown 
that after subcutaneous (right groin) infection of guinea pigs with mas- 
sive doses of tubercle bacilli, the bacilli are carried centralwards by the 
lymphatic stream and thence_into the blood and throughout the body 
with great facility and rapidity. 

At four days and earlier they have reached the iliac node of the inocu- 
lated side by way of the lymphatics. 

At four days and perhaps earlier they are present in the spleen. 

At four days they are also in the lung and tracheo-bronchial nodes. Most 
of those in the tracheo-bronchial nodes represent bacilli which have been 
carried out of the pulmonary blood vessels and thence over to intrapulmonary 
lymphatics by which they drained to the nodes. 

It has also been demonstrated :(table 2): 

(1) That at any given time during the period of from four to nine dhe 
after infection there are more bacilli in the iliac node of the inoculated 
side than in the spleen or lungs or tracheo-bronchial nodes. 

(2) That at any given time during this same period the bacillary con- 
tents of the spleen and tracheo-bronchial nodes are so nearly equal that 
animal inoculation of these tissues produces approximately the same 
effects. 

(3) That at any given time during the period from four to twenty-six days 
after infection there are more bacilli in the tracheo-bronchial nodes than in 
both lungs, which they drain. 
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Gross changes have appeared as follows: 

(1) The first definite lesion in the superficial inguinal nodes at six 
days and the first necrosis at twelve days. 

(2) The first suggestions of lesion in the right iliac node at six days, 
and the first undoubted lesion at twelve days 

(3) The first enlargement of the paraortic nodes at twelve days. 

(4) The first undoubted changes in the spleen at twelve days. 

(5) The first unquestionable lesion of the tracheo-bronchial nodes at 
twenty-two days. 

(6) The first involvement of the retrosternal nodes at eighteen days. 

(7) During the twenty-six days of the first part of the experiment the 
lungs never exhibited lesion. 

The earliest microscopic changes appeared as follows: 

(1) In the right iliac nodes there were both bacilli and lesion at four 
days, with evidences that both might conceivably occur earlier. 

(2) The tracheo-bronchial nodes showed both lesion and bacilli for 
the first time at twelve days. 

(3) The lungs, spleen and site of inoculation have not been described 


in this paper. 


The architecture of beginning and early lesion in lymph nodes is pe- 
culiar in that it is not characteristic of classic anatomic tubercle. — 


THE OCCURRENCE OF TUBERCULOUS LESION IN THE LUNGS AND 
TRACHEO-BRONCHIAL NODES 


With the above possibilities concerning the dissemination of tubercle 
bacilli understood, we may proceed to another phase of our inquiry. 

The tuberculous guinea pig is remarkable in the distribution of lesion 
throughout its body. The extraordinary tendency of its spleen to ex- 
hibit tubercle has never failed to arouse comment, for it can be laid 
down that, among mammals in general, tuberculosis of the spleen is not 
a prominent character of the infection. In guinea pigs, on the con- 
trary, the spleen is undoubtedly the organ that is most prone to tubercle. 
No satisfactory reason, that is, one with scientific support, has ever 
been advanced to explain this circumstance. The generalization has 
long been current that starting from a portal of entry tuberculous infec- 
tion in the guinea pig is largely lymph-borne while in other animals as, 
for instance, the rabbit, it is for the most part blood-borne. I shall not 
pause to examine the validity of this opinion. But with it as a basis, 
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yet without laying down any intermediate chain of relationship, an ef- 
fort has been made to bring the spleen in some way or other into inti- 
mate association with the lymphatic system, and thus account for 
splenic infection. 

It should be hardly necessary to point out that tuberculosis arises in 
internal organs because bacilli have focalized there, and that bacilli 
have focalized there because first, they have been conveyed there from 
another point and second, because there was some local condition in 
the organ in question that favored their remaining there. Now, there 
is no lymphatic path efferent from any other part or organ of the body 
to the spleen. To get to it microérganisms must first pass into the blood, 
and so far therefore as receiving bacilli is concerned it stands in a pre- 
ferred position only as regards the possibility that its artery carried to 
it more bacilli than other organs receive by their arteries. Such an 
explanation is thoroughly improbable. 

There remains then the possibility that the internal anatomy and 
physiology of the guinea pig spleen differ from those of other animals,— 
a matter which must await consideration in a future study. 

But there is another very remarkable peculiarity about guinea pig in- 
fection. This is, that in this animal which is by common agreement ex- 
traordinarily susceptible to tubercle and its generalization, ceteris paribus 
and compared to viscera like the spleen and liver, the lungs become 
tuberculous to an astonishingly slight extent. Indeed, if amount of 
lesion be a criterion of amount of infection we would say that the guinea 
pig lung is highly “resistant” to infection and that there exists some 
méchanism in its lungs that takes care of infection particularly well. 
For, as far as concerns the numbers of bacilli received, the lung must 
stand in a position that is at least equal to that of the spleen and liver: 
as a matter of fact, its position is vastly more favorable. 

Here again, to account for what happens in the lung we must suppose 
that the pulmonary anatomy and physiology of the lung of the guinea 
pig are more or less peculiar to it: they certainly must differ from those 
of the rabbit. 

At a later time, after I have related the peculiarities of pulmonary in- 
fection in the rabbit, I shall attempt to demonstrate that pulmonary 
lesion is intimately related to certain intravisceral anatomic (and there- 
fore physiological) peculiarities. Such a discussion lies outside the 
scope of the present paper. In concluding this study and by way of 
preparation for later ones, I wish to direct attention to a third peculiarity 
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of guinea pig tuberculosis, which may be stated by the following propo- 
sition: 

In the tuberculous guinea pig the presence and extent of lesion in the 
tracheo-bronchial nodes is not dependent on lesion in the lungs which they 
drain. 

This is not to say that if lesion exists in the lungs its presence will not 
be reflected by the tracheo-bronchial nodes: so long as lymphatic paths 
are open, bacilli will “drain” from pulmonary lesion to these nodes and, 
if they remain, exert their effects here. It means that in the guinea pig 
the occurrence of pulmonary Jesion is not a sine qua non of tracheo-bron- 
chial tubercle; and that the latter frequently, indeed as a rule, is manifest 
although no tubercle may be evident in the lungs. 

About a year ago (5) I touched upon this matter by describing the 
late disposition of lesion in guinea pigs that had been inoculated with 
tubercle bacilli of low virulence. This paper related that such infection 
was followed by evident changes in the tracheo-bronchial nodes without 
visible lesion ever occurring in the lungs and with only very occasional 
involvement of the spleen. In the experiment detailed above in the 
present study, I have also shown that at any time during the first three 
or four weeks after infection there were more bacilli in the nodes than in 
the lungs, a condition that compels the conclusion that for a time at 
least most of the bacilli that enter the tissues of the lungs are carried 
away to the regionary nodes. It now remains to demonstrate that after 
virulent inoculation tracheo-bronchial node tubercle occurs without pul- 
monary tubercle and to indicate, if possible, the factors that play their 
part in the production and further development of tracheo-bronchial 
node involvement. 

Speaking of the guinea pig, Oehlecker (21) says, “‘Under normal con- 
ditions the tracheo-bronchial nodes are usually macroscopically visible 
but not always so;” and he describes these as being of the size of a grain 
of hemp or rice. Our own experience has been that in adult guinea pigs 
we have never failed to find these nodes: indeed, we have always looked 
upon them as being unusually prominent and as particularly well de- 
veloped in young animals. We have never observed them as small as a 
grain of rice or hemp. 

Figure 7 is an actual size drawing of the lungs and tracheo-bronchial 
nodes of an adult guinea pig that had been confined in the laboratory 
only a few days. It well shows a pair of nodes on either side of the tra- 
chea, overlying or immediately above the tracheo-bronchial angle, as 
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well as a single node (the imterbronchial of Hashiba) closely applied 
underneath in the angle of division of the bronchi. It also faithfully 
reproduces the pellucid appearance of the normal node. 

On January 7, 1920, we performed and recorded the autopsies of 54 
tuberculous guinea pigs. All of these animals had been immunized on 
September 26, 1919, each with an inoculation into the right groin of 0.5 
cc. of a heavy emulsion of the Ri culture of low virulence mentioned in 
my previous paper above cited (5). In addition to this, forty days later, 
on November 5, 1919, each animal received an intracutaneous inoculation 
of 0.1 cc. of a very dilute suspension of the virulent culture, H37, before 
mentioned. They were killed, therefore, just nine weeks after their 
virulent inoculation and almost fifteen weeks after their first infection 
with R1 bacilli. 

The macroscopic lesions of every animal are listed in table 3. Refer- 
ence to this will show that in general there is no correspondence between 
the condition of the lungs and that of the tracheo-bronchial nodes of the 
same animal. Animal after animal exhibited no involvement whatever 
of the lungs, yet its tracheo-bronchials were more than ordinarily tuber- 
culous (2, 3 or 4 plus). But there is a very apparent relationship to 
be made out between the condition of the tracheo-bronchials and that of 
the liver and spleen, particularly the spleen. In almost every instance 
that we find the lung nodes unusually tuberculous, there is manifest 
invasion of the spleen. There are a few apparent exceptions to this 
rule,—animals 26, 38 and 44. In these the tracheo-bronchials are noted 
as being tuberculous, yet lesion is absent in spleen, liver and lungs. 
But we must remember that the initial R1 infection would in many cases 
localize in the lung nodes and there produce enlargement, opacity and a 
firmer consistence (5); so that, altogether apart from changes set up by 
the virulent inoculation, we must presume the existence of a basic R1 
tracheo-bronchial involvement in a large number of the animals. The 
point is that when tracheo-bronchial involvement exceeds the amount 
that R1 might cause, such an animal’s spleen or liver is always visibly 
affected; and since there are many animals with “clean” lungs, yet with 
much tubercle in the tracheo-bronchials, we may fairly conclude that 
it is tubercle in the spleen (or liver) that is providing the bacilli for the 
increment of the tubercle in the tracheo-bronchials. Animals 41 and 
43 furnish the only exceptions of an opposite kind: in these there is visible 
tubercle in the spleen—in 41 even in the lungs—yet the tracheo-bron- 
chials are noted as being normal. 
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This relationship between lesion in spleen and lesion in tracheo-bron- 
chials was much more apparent at the autopsies than may appear from 
an inspection of the records. Indeed, it was so striking that by a glance 
at the spleen one could invariably predict without failure the condition 
to be encountered in the tracheo-bronchials. 

To make this point stand out more sharply I have included table 4 
and figure 8. Table 4 presents the autopsy notes of 9 guinea pigs, of 
which the conditions of infection were simpler. These were normal, non- 
immunized animals which were inoculated with virulent H37 tubercle 
bacilli exactly in the same way, with the same dosage and at the same 
time as the 54 guinea pigs of table 3. ‘They were also killed on the same 
day, or nine weeks after a single infection. 

These non-immunized animals show, of course, much more advanced 
tuberculosis; but in none are the lungs badly involved and in two (94 
and 97) there is no visible pulmonary lesion. The reader should note 
the uniformly great involvement of the tracheo-bronchials, present even 
when there is no lesion of both lungs and liver (97), and manifestly run- 
ning parallel with the condition of the spleen. 

The situation is brought out very beautifully in figure 8. This is an 
actual size drawing of the lungs and tracheo-bronchial nodes of animal 
88 listed in table 4, with lobes separated so as to show every tubercle in 
both lungs. It may profitably be compared with figure 7, the drawing 
of the normal lungs and their appendages. 

In figure 8 we see lungs that have very little tubercle, yet with enor- 
mous node involvement at the root. There is a small tubercle at the 
caudal tip of the right upper lobe, one at the caudal end of the right lower 
lobe, and a bare half dozen minute tubercles in the lower half of the left 
lower lobe. The irregularly linear formation on the upper surface of 
the right lower lobe is not tubercle. It is a small patch of the intersti- 
tial pneumonia which is so common among caged guinea pigs, which 
has here become fibrosed, and which so far as we know does not lead to 
any impressive enlargement of the tracheo-bronchial nodes. While the 
lesions in the lungs will not explain the condition of the nodes, the tu- 
berculosis in other parts of the body will. This animal’s autopsy record 
reads, “Right superficial inguinal nodes extremely enlarged (++++) 
and caseous; right iliac nodes, extreme enlargement (++++) and 
caseous; left iliac node, enlarged and caseous; spleen, greatly enlarged 
and completely nodular; liver, numerous foci.” 
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These observations fortify the conclusion to which we have more than 
once been led in the course of this study; namely, that the guinea pig 
lung is a very “pervious” lung, in the sense that when it is functioning 
properly it allows an easy lymphatic passage of foreign particles through 
it; that it is so comparatively “resistant” to tubercle because of its ana- 
tomic constitution, by reason of which bacilli that reach its tissues are 
conveyed with great facility to its nodes; and that these nodes are pe- 
culiarly prone to tubercle because they are ‘‘open” to the larger number 
of bacilli that may get to the tissues of the lungs from anyhere in the body 
as well as bacilli that may be carried to them from lesion in the lung itself. 

All the facts in the case enhance the truth of this opinion. The dust 
experiments of many workers point this way. So do the author's R1 
experiments, already mentioned (5). So do the tissue injection experi- 
ments of an earlier part of this paper. So do the observations of other 
authors. 

Oehlecker (21) noted that “macroscopically the tracheo-bronchial 
nodes become diseased coincidently or somewhat earlier than the lungs;” 
and in a very recent paper Rogers (24) mentions that seven days after 
guinea pigs had inhaled moist sprays of tuberculous sputum, macro- 


scopic tubercle became visible in the lungs for the first time, when the 
tracheo-bronchial nodes “already showed distinct involvement.” 

Oehlecker also inclined to a similar opinion, which he supported as 
follows: 


Microérganisms, which remain fast in the capillaries of the lungs and then 
wander into lung tissue, are evidently very rapidly moved to the tracheo-bron- 
chial nodes by the lymphatics. Indeed, the first germs seem to be carried from 
the lungs to these nodes much more completely and regularly than bacteria 
sent by the haemotogenously infected spleen to the portal node; for the tra- 
cheo-bronchials are usually macroscopically diseased earlier than are the 
lungs, while the spleen and portal node become diseased at the same time. 
One may be justified in assuming that in young animals the lymphatics of the 
lungs are relatively very wide and pervious. . . . . When numerous 
bacilli wander out of the blood into the pulmonary tissue and when because 
of tracheo-bronchial node disease a stasis of lymph occurs in the pulmonary 
tissue, then a greater settling out of tubercle bacilli in the lung tissue seems to 
take place for the first time. 


In the guinea pig, therefore, we would presume that in its several or- 
gans, tuberculous infection and lesion begin and proceed about as follows: 
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Microérganisms make the lymphatic journey from periphery to blood 
with facility and rapidity; and the time taken for the first bacteria to 
reach the veins will depend largely on the size of the infecting dose, for 
if this were very small the chances would all favor the at least tempo- 
rary arrest of all bacteria before the entire lymph stream is traversed. 

Once in the blood all bacilli pass at once to the lungs. At the first 
passage most make the entire circuit of the lesser circulation and go on 
to the general arterial tree. But some remain in the lungs where they 
are conveyed out through the vessel walls into the pulmonary tissues and 
lymphatics; and most of these are rapidly carried to the tracheo-bron- 
chial nodes. 

The bacilli that reach the systemic circulation are transported to all 
parts of the body, of which the internal anatomy of one organ is peculiarly 
adapted to their fixation. This organ is the spleen, in which dispropor- 
tionately large numbers of bacilli remain permanently, and set up lesion. 
It is likely however that with every circuit of the systemic blood, most 
of the bacilli that come to even the spleen pass through the capillaries 
and proceed to the liver. 

With this capacity for fixing bacilli and developing lesion the spleen 
becomes the great depot of tubercle and tubercle bacilli in the guinea 
pig body. As lesion and bacilli flourish, the latter are continually leav- 
ing the spleen by its lymphatics, if paths are unobstructed, and thus soon 
getting back again into the venous system; or, what is probably more 
common, they are continually being passed into the lumina of the blood 
vessels (the peculiarly intimate relations of the lymphoid Malpighian 
bodies to the blood vessels should be remembered here) and are thus 
being “fed” to the liver. 

Anatomic conditions in the liver are not favorable for the focalization 
of small numbers of bacilli. In all probability the circulatory factors 
here resemble more those in the lung, and under normal conditions 
most bacilli which get out of the vascular system into the lymphatic 
system are easily conveyed to the liver (portal) node. For this reason 
the hepatic lymph node seems so dependent upon the spleen for infec- 
tion that Oehlecker was convinced that bacilli drain directly by lym- 
phatics from spleen to hepatic node. But, from an anatomic stand- 
point, such a transmission is an impossibility. It is probably nearer the 
truth that the liver “feeds” its node exactly like the lung supplies its 
node with bacilli,—that, as in the case of the latter organ, the liver is very 
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pervious to tubercle bacilli and passes them on to the hepatic node; and 
that, again like the lung, it exhibits lesion only slightly or comparatively 
late and only after it has received large and repeated dosage and its 
channels of drainage become impaired. The liver bears the first brunt 
of metastasis from the spleen, the most fertile provider of tubercle 
bacilli in the guinea pig. Just as the lungs are interposed as a “filter” 
between all peripheral lymphatics and the systemic circulation, so the 
liver acts as a “filter” for the lungs, standing as it does between the great 
splanchnic area and the lungs. 

But it is also probable that with every circulatory round most bacilli 
go through the capillaries of the liver and return to the lungs, there to 
repeat the transit we have just described. With each successive circuit 
of the blood more and more bacilli become fixed in the several organs, 
until soon they disappear from the blood, to reappear at intervals as 
lesion develops and bacilli are intermittently mobilized from foci that 
have been established. 

We thus have a situation in which the spleen early becomes the major 
centre of tubercle in the body, supplying both liver and lung with bacilli, 
which first manifest their most marked effects on the lymph nodes of 
their respective organs, and as these nodes become more and more in- 
volved and as metastasis from the spleen more and more frequent, ac- 
cumulation of bacilli in liver and lungs with the production of lesion 
takes place. 

Although the presumption of intravisceral anatomic determinants of 
infection has herein been based on collateral evidence, I hope in later 
studies to bring forward direct scientific proof of their actual existence. 

Summary. In the tuberculous guinea pig gross lesion of the lung is 
not indispensable to the appearance of gross lesion in the tracheo-bron- 
chial nodes. 

Lesion in the latter very commonly exists without lesion in the lung. 
It is shown by experiment that the amount of involvement of the tracheo- 
bronchial nodes is directly related to the amount of tubercle that may 
be present anywhere in the body. 

But it is also shown that since under ordinary conditions the spleen 
is the most extensive depot of tubercle in the guinea pig, the condition 
of the tracheo-bronchial nodes usually reflects that of the spleen. 
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DESCRIPTION OF FIGURE 1, PLATE 1 


THE DISPOSITION OF THE LympH NODES OF THE GROIN AND RETRO-ABDOMINAL REGIONS OF 
THE GUINEA Pic (See description in text, pp. 138 and 139) 


This drawing has been made from a number of injected and non-injected normal speci- 
mens. The superficial inguinal lymph nodes, 5 in number, lie in the subcutaneous tissue of 
the reflected skin flap. These send several efferents, one of which courses to the deep ingui- 
nal nodes, two in number, which lie close to the abdominal ring, beneath Poupart’s ligament, 
which is here cut away. Most efferents, however, go direct to the common iliac node, the 
large lenticular body which lies on either side, just above and in front of the bifurcation of 
the great abdominal vessels. Just below (caudal to) the common iliac node is a much 
smaller lenticular node, interpolated in the course of the efferents from the superficial inguinals. 
Hashiba denominates this the external iliac node and says that it is very inconstant. We have 
however found it quite regularly. The representation of the great plexus of lymphatics and 
nodes, immediately cephalic to the common iliacs, is more or less schematic. It is very vari- 
able in the guinea pig; and minute masses of lymphoid tissue, intercalated normally in this 
plexus, are undoubtedly very numerous: for, not infrequently under the influence of tubercu- 
lous infection, many come to view which are not normally visible. The larger nodes of this 
plexus, which are situated in the immediate neighborhood of the renal vessels, we have called 
the paraortic nodes in the text. 
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EXPLANATION OF FIGURES, PLATE 2 


Fic. 2. Common It1ac NopE Four Days AFTER RIGHT GROIN INFECTION X 1400 
For description see p. 173 of the text 
Fic. 3. Common Ixtrac NoprE Six Days AFTER RIGHT GROIN INFECTION X 1400 
For description see p. 173 of the text 
Fic. 4. THe SAME NopE As Ficure 3 X 1400 
For description see p. 173 of the text 
Fic. 5. TRACHEO-BRONCHIAL NopE TWELVE Days AFTER RIGHT GROIN INFECTION X 1400 
For description see p. 175 of the text 


Fic. 6. TRACHEO-BRONCHIAL NODE TWELVE Days AFTER RIGHT GROIN INFECTION X 1400 
For description see p. 175 of the text 
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DESCRIPTION OF FIGURES, PLATE 3 


Fic. 7. LUNGS AND TRACHEO-BRONCHIAL NopES OF NORMAL GUINEA Pic (Natural Size) 


‘Fic. 8. LuNGs AND TRACHEO-BRONCHIAL NopEs or TuBERCULOUS GuINEA Pic (Natural 
Size) 
For description see p. 1°5 of the text 
This animal with greatly involved tracheo-bronckial nodes had advanced tuberculosis of 


the spleen and numerous foci in the liver. The lobes of the lungs have been arranged so as to 
show all the visible intrapulmonary tubercle. This consists of a small nodule at the caudal 
tip of the right upper lobe, one smaller lesion near the caudal tip of the right lower lobe and a 
half-doxen minute nodules below the middle of the left lcwer lobe. The irregular linear 
area at the upper part of the right lower lobe is the nontuberculous interstitial pneumonia 
frequently found in confined guinea pigs. 
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STUDIES ON TUBERCULOUS INFECTION 


VII. SOME FACTORS THAT INFLUENCE THE DEVELOPMENT OF 
TUBERCLE IN THE LYMPH NODES OF THE GUINEA PIG 


ALLEN K. KRAUSE 


From the Kenneth Dows Fund for the Study of Tuberculosis, of the Medical Clinic of the 
Johns Hopkins Hospital and University 


In a study on tuberculous infection in the guinea pig, immediately 
preceding this (1), attention was centered on those circumstances that 
determine involvement of the tracheo-bronchial lymph nodes of this 
animal and the factors that govern the degree and extent of lesion in 
these nodes. By becoming visibly tuberculous the latter will reflect 
the presence of manifest tubercle within the lungs, yet they exhibit 
a great amount of lesion when it may be impossible to detect gross 
intrapulmonary tubercle. Lesion in them need depend not so much on 
lesion in the lungs as upon infection elsewhere in the body; as for instance 
in the spleen which in the guinea pig may be looked upon as the depot 
of tubercle par excellence. 

In the present communication it is the author’s desire to point out 
briefly one or two features of infection of the lymph nodes in geneval 
which these investigations have disclosed and suggested. 

It has become a commonplace that the zmcidence—the fact—of lymph 
node infection is dependent upon the condition of parts that are pe- 
ripheral to a given node—parts which the node drains. This dictum is 
strictly true in the sense that there will practically never be any infec- 
tion of a node unless there is also a focus (appreciable or otherwise) in 
its area of drainage. We have seen (1) how, when we come to consider 
central nodes like the tracheo-bronchials, we must regard their potential 
areas of drainage as confined not only to the lungs and heart but as 
including almost the whole of the body. Viewed in this light then, the 
maxim enunciated above holds good for the tracheo-bronchial nodes 
as well as any that may lie immediately beneath the surface of the body. 

But even more important than the matter of the mere incidence of 
infection is that of the intra-nodal development of infection once bacilli 
have reached the node. In human beings lymph node infection must 
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be extraordinarily frequent: how else explain the enormous proportion 
of positive Pirquet tests? Yet it is the manifest and clinical disease, 
tuberculous lymphadenitis, that interests us as physicians. Why this 
lymphadenitis? Why this latter condition, which must represent an 
enlargement or an increment of all infection which had occurred some 
time anterior to its first manifestation? 

There are two possible explanations and only two: namely, either 
that, for one or another of several reasons which will immediately occur 
to every reader, conditions are established within a node which favor 
the development and multiplication of bacilli after these have reached 
the node; or that there is an increment of bacilli in the node from a 
persistent focus of infection peripheral to it. In the first instance the 
issue would turn on the physiology of the node itself: we could assume, 
say, an initial infection which would or would not develop because the 
biological activities of the node were or were not favorable to the per- 
sistence of the infection within the node. In the second instance, the 
event would be governed by what we might conveniently term exog- 
enous dosage of bacilli: as regards resistance, the node could be ex- 
tremely competent, yet be at last overwhelmed by a succession of bacilli 
that were coming to it from a more superficial focus. 

I shall not pretend in this study to hazard even a probable explana- 
tion of what actually occurs in the matter in question. I shall, however, 
attempt to formulate roughly what seem to be underlying factors of 
lymph node involvement—its progression or subsidence—in the tuber- 
culous guinea pig. 

I have long been struck by an apparent parallelism of the degree of 
lymph node involvement with the persistence, extent or intensity of a 
superficial focus of infection which the lymph node “drained.” In 
general, it is true that lesion in a common iliac node corresponds with 
lesion in the superficial inguinal nodes from which the former receives 
lymph; just as lesion in the superficial inguinals, if charted, would 
follow the curve of virulence or dosage of the more superficial groin 
inoculation or the subcutaneous lesion (abscess, etc.) produced thereby. 
This will be brought out more sharply if we make our infections with a 
microérganism of comparatively low virulence. We may then note 
that, as the inguinal lesion progresses, the iliac node lesion tends to 
develop, while, as the former gradually becomes more and more sclerotic 
or gradually returns to normal, the latter subsides. We might of course 
explain this occurrence as being due to the fact that all of the various 
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nodes concerned resist the bacillus equally well, although such an expla- 
nation does not altogether suffice as an answer to why the condition of 
the more central node (the iliac) responds so delicately to that of the 
more peripheral superficial inguinal. 

When we come to consider the relationship of lymph nodes to still more 
superficial lesion, such as that in the skin, the above explanation will 
not answer at all. I have made many hundreds of intracutaneous 
inoculations of living tubercle bacilli in guinea pigs, under many dif- 
ferent conditions of dosage and virulence of microérganisms and of the 
immunity of the animals concerned; and, if the animals were carefully 
observed and compared, I have had the opportunity to note that with 
very few exceptions the state of the “draining” lymph nodes parallels 
that of the local skin lesion. In other words, the degree, extent and 
persistence of involvement of the nodes followed closely those of the 
skin infection. 

If we make inoculations of living bacilli into the skin of the guinea 
pig’s side about midway between the shoulder and the thigh, bacilli 
will proceed by lymphatics to both the superficial inguinal and the 
axillary nodes; and, if the skin lesion persists, involvement will occur 
later in both chains. It is almost invariable for a single gross lesion to 
appear in the skin; and then more bacilli are conveyed to the groin 
than to the axillary nodes; and involvement in the former chain is 
almost always much more pronounced than in the latter. Indeed, 
infection of the axillaries is hardly ever prominent unless inoculation is 
performed nearer the shoulder, although in an originally non-immune 
animal, while delayed, it becomes definitely palpable. 

Recently, in one individual of a series of almost one hundred guinea 
pigs which had been given intracutaneous inoculations with living 
tubercle bacilli, there occurred a type of infection which I had never 
before observed. At the site of inoculation the lesion at first developed 
as usual, slowly and with the formation of a nodule which later broke 
down and ulcerated. The ulcer persisted. But there then came into 
view a number of tuberculous nodules in the skin, in the paths of lym- 
phatic drainage, both cephalic and caudal to the original lesion. This 
was a most exceptional occurrence and resulted in placing new non- 
ulcerating intracutaneous tubercles in the domain of both the axillary 
and inguinal regions. 

But the most significant circumstance was the subsequent develop- 
ment of enormous axillary bubo—a swelling of the axillary nodes such 
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as I had never seen before. In our large series there were animals with 
slowly healing lesions at the point of inoculation, as well as those with 
slowly progressing lesions with persistent open ulcers; but in no others 
was there an involvement of the axillary nodes which in extent even 
approached that noted in this particular animal. 

This animal is pictured in figure 1, which well illustrates the features 
just noted. The drawing was made nine weeks after infection. The 
open, ulcerating, central lesion represents the site of inoculation which 
was a primary infection of a normal guinea pig. Both the inguinal and 
axillary buboes are excessive while the disseminated skin nodules stand 
out prominently. 

In this case we must regard the extreme lymphadenitis as being due 
to an increment of infection from persistent foci peripheral to the affected 
lymph nodes. If new foci had not developed in the skin, if these had 
not been there to help “feed” bacilli to the axillary node, the latter 
would have exhibited only the same amount of involvement—a firm 
swelling about the size of a pea—as did all the other animals similarly 
infected and presenting at the same time merely single ulcerating lesions 
at the point of inoculation comparable to the one noted in this guinea 
pig. 

To bring out this point more clearly I have prepared table 1 which 
follows. This table brings together data concerning the type of skin 
lesion as well as axillary node involvement in 10 guinea pigs, which 
were infected under exactly similar conditions as regards time and 
place of inoculation and emulsion and dosage of bacilli. Animal 90 of 
the table is the one represented in figure 1. 

Remarks on table 1. As an intracutaneous lesion slowly progresses in 
a guinea pig which was a non-immune at the time of infection, small 
non-ulcerating nodules (tubercles) usually develop in its periphery. 
This uneven and nodular character of the rim surrounding the ulcer 
may be observed in figure 1. When reference is made to a “ develop- 
ment of nodules” in the second column of table 1, it means these small 
nodules in the edge of the lesion. As has been stated above it is prac- 
tically always the rule for a single localized lesion, confined to the site 
of inoculation, to follow intracutaneous infection. Almost invariably 
the next adjacent gross tubercle is to be found in the regionary lymph 
nodes. 

With the exception of animals 88 and 90 the resulting skin lesions 
were reasonably uniform in character. In 88 the lesion was compara- 
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tively slight: in 90, extraordinarily severe. We find therefore that 
axillary involvement in 88 was greatly delayed and was not definitely 
palpable until fifty-six days after injection. Again, the local skin 
lesion was more of the retrogressing type and in fact went on to appar- 
ent healing. These several facts indicate that for some reason or other 
the skin at the site of infection in this guinea pig reacted so well to the 
bacilli that there was at no time the customary multiplication of bacilli 
in situ that accompanies a persisting non-healing and progressive skin 
lesion. For this reason, therefore, relatively few bacilli were conveyed 
to axillary node and the latter’s involvement was correspondingly slight 
and delayed. 

That the slight local and regionary node tubercle in animal 88 was 
not due to an inherent resistance of the skin and axillary node was well 
brought out by the general autopsy of the animal. This disclosed 
advanced tuberculosis of the spleen, moderate tuberculosis of the liver 
and slight tuberculosis of the lungs, a result which was well in accord 
with visceral changes that took place in all the other guinea pigs of the 
series. I am inclined to believe that in this particular instance the 
inoculation was made unusually deep into the skin so that not all of the 
injected bacilli were confined within the layers of the skin and that 
some of them at once penetrated the loose subcutaneous areolar tissue 
whence dissemination by lymphatics is more rapid and easier than 
from the skin itself. 

Viewed as a whole, the table indicates that the more severe the local 
infection the greater the amount of tubercle in the regionary nodes. 
Differences of local lesion are not so sharp that we can speak in exact 
terms, but in animals 94 to 97 in which the ulcers are noted as deep 
there occurred a relatively early appearance of definite changes in the 
axillary nodes and these changes progressed to the point of moderate 
involvement. Animal 90 has been discussed above in sufficient detail, 

We may say that in the guinea pig the lymph nodes, once infected, 
take care of the infection well. If there is not a more or less constant 
“feeding” of bacilli to them from more peripheral depots of infection, 
the tuberculous process tends to become arrested in them. Such, at 
any rate, would be my net impression that has slowly crystallized out 
of a number of years’ observation. And correlative with this view is 
the belief that progressive infection of lymph nodes in this animal is, 
up to a certain point, largely (if not wholly) contingent on unhealed or 
unarrested infection at points peripheral to the nodes: it is the end 
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result of repetitions and accumulations of infection from places outside 
the nodes themselves. 

If this were true and if the same state of affairs obtained after human 
infection, the importance of its recognition in clinical medicine is obvious. 
We would at once wonder whether in general the clinical outbreak of 
tuberculous cervical lymphadenitis in human beings were not largely 
determined by repeated infections from more peripheral and concealed 
foci, as for instance, in tonsils or in adenoid growths in the naso- 
pharynx. That such unrecognized foci are frequently present in these 
locations can no longer be doubted. Clinical (that is manifest) tuber- 
culosis of the tonsils or of naso-pharyngeal adenoid growths are extra- 
ordinarily rare, yet more than one author, using comparatively rough 
methods of detection, has found a tuberculous infection incidence of 5 
per cent in tonsils and adenoids removed, not for tuberculosis, but 
because of other pathological conditions. We must presume therefore 
that the actual incidence of tonsillar and adenoid tuberculous infection 
is considerably in excess of five per cent in the type of patients repre- 
sented in reported studies. If, too, there is this much tonsillar and 
adenoid infection, it follows with certainty that bacilli are being contin- 
ually conveyed from many of these superficial foci to deeper cervical 
lymph nodes, and thence to a lesser extent throughout the body. It 
follows also that good surgical procedure would require that the removal 
of tonsils and adenoids accompany the enucleation of tuberculous cervical 
nodes, whenever this latter operation is performed—a procedure that not 
a few surgeons have empirically found to yield more satisfactory results 
than the extirpation of the offending neck nodes alone. I am far from 
pushing this point or advocating it: I am merely suggesting that what 
in the practice of some has proved to be good surgery may have some 
scientific basis of fact. 

The reader must not get the idea that when, in the above paragraphs, 
we have spoken of superficial or peripheral lesion we mean of necessity a 
lesion on the surface or a visible ulcerating lesion. Tuberculous lesion 
does not originate on epithelial surfaces. It arises beneath the surface 
where it may grow and form a nodule which may extend to and above 
the surface and through which it may break and ulcerate. Lesion may 
be at any point in the area of lymphatic drainage between the surface 
and the affected node. It may or may not ulcerate. It may be large 
or minute. The point is that up to a certain point the intra-nodal lesion 
will not become progressive unless the more peripheral lesion persists 
and continues at intervals to send bacilli to the node. 
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SUMMARY 


In the guinea pig the existence of tubercle in a lymph node is con- 
tingent on the occurrence of lesion at a point peripheral to the node. 

The progression or retrogression of tubercle in this animal’s lymph 
nodes is largely dependent on the progression or retrogression of the 
peripheral foci. 
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VINCENT’S SPIROCHAETE AND HAEMORRHAGE IN 
PULMONARY TUBERCULOSIS 


A. N. SINCLAIR! 


Honolulu, Hawait 


The purpose of this communication is to present for consideration 
the réle played by Vincent’s spirochaete (or Bacillus fusiformis) in 
hemorrhage in tuberculosis pulmonalis. 

We who practice medicine in the tropics, and particularly among 
Filipinos, occasionally come across cases of more or less severe haemop- 
tysis, in which the blood has a laked appearance. Such attacks are 
intermittent in character, occasionally with intervals of months between 
them. 

These patients present no evidence in their history or general symp- 
toms, or on physical or radiographic examination, of pulmonary tuber- 
culosis, nor can the Paragonimus Westermani be demonstrated in their 
sputum, which, on the other hand, is teeming with spirochaetes and 
the B. fusiformis. 

My attention was first directed to this microérganism as a possible 
cause of hemorrhage in tuberculosis by their large numbers in the sputum 
of a patient in Leahi Home, who had had a previous frank haemoptysis 
of laked blood. My interest was further aroused when, on examining 
the radiographic plates of this case, a rounded, definitely limited shadow, 
about the size of a small orange, was noted just to the right of and slightly 
below the level of the hilum, and upon also finding in the radiographs of 
another case a similar characteristic shadow in the same situation. 

On consulting the records this second case was also found to be compli- 
cated with hemorrhage, and the spirochaete and B. fusiformis were 
present in the sputum in large numbers. 

An examination of other radiographs resulted in thirteen being found 
with this same characteristic shadow. All were cases complicated with 
hemorrhage and all had the spirochaete and B. fusiformis in large num- 
bers in the sputa. Since then eight other cases have been observed 
with this shadow—all of which had hemorrhage as well as these micro- 
organisms in the sputa. 


1 Director, Leahi Home, Honolulu. 
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To rule out syphilitic infection and a probable gumma, I made Wasser- 
mann tests on all these cases. All were negative but one, which gave 
a one plus reaction. As this case became arrested without syphilitic 
treatment, this reaction was undoubtedly one of those occasionally 
found in tuberculosis pulmonalis. 

These shadows are illustrated in figure 1. 

Further suggestive, though admittedly not conclusive, evidence that 
this shadow has some relationship to hemorrhage and the spirochaete 
is offered by figures 2 and 3. 


Fic. 3a Fic. 3b 


Figure 2 a is the radiograph of a case on admission. The shadow is 
distinct and hemorrhage was a complication, the spirochaete being 
present in the sputum in large numbers. Figure 2 b is the same case 
six months later: the shadow has almost disappeared, there had been 
no hemorrhage for several months and the spirochaete was no longer 
present in the sputum. 

Figure 3 a is a case that had hemorrhage and spirochaetes in the 
sputum on admission. Figure 3 b is the same case eight months later: 
the shadow is persistent, hemorrhages were still recurrent, and the 
spirochaete was still present in the sputum. 

Why the spirochaete (if it is the cause of this shadow) chooses this 
locality so frequently for its effect may be on account of the straight 
path offered to it by the right bronchus, as against the angular one of 
the left bronchus. 


Fic. 1a Fic. 1b Fic. 2a Fic. 2b 
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I realize that an assumption that this shadow is caused by a lesion 
due to the spirochaete of Vincent, based upon the limited evidence 
submitted, is unwarranted; but I present the facts in the hope of arous- 
ing the interest of more capable investigators. 

The sputa of 410 cases of tuberculosis pulmonalis have been examined 
for the presence of the bacillus fusiformis and the spirochaete. Such 
sputa when cultured in broth, under albolene, presented a great number 
of the dual forms in seventy-two to ninety-six hours. 

Isolation and further identification could not be carried out, as 
I was called upon to take charge of the Territorial Board of Health 
Laboratory and no other bacteriologist was available. 

This partial investigation has resulted in some very suggestive findings, 
worthy of a preliminary report: 

Of the 410 cases of sputum examination, 256 showed the presence of 
the spirochaete, while in 154 it could not be found. 

Of the 256 positive cases, 182 were cases complicated with hemorrhage 
or 71 per cent. 

Of the 154 negative cases, 56 were cases complicated with hemorrhage, 
or 36 per cent. 

The corollary of this shows that of 238 cases with hemorrhage, the 
spirochaete was present in 182, or 76 per cent, and of the 172 cases with- 
out hemorrhage the spirochaete was present in 74 or 43 per cent. 

Examining the records more closely, still further suggestive evidence 
is found. 

One is perfectly satisfied to accept the presence of cavitation, or even 
ulceration of a congested mucous membrane as a cause of haemoptysis, 
but on the other hand it is frequently surprising, in certain cases, why 
hemorrhage, of no small amount, should occur in a lung presenting 
such few pathological signs on physical and radiographic examination. 
And vice-versa it is equally puzzling why, in a large number of cases with 
diffuse cavitation, no haemoptysis, worthy of the name, occurs. 

Now if the series of cases under consideration is divided into those 
cases in which cavitation can be ruled out (incipent cases), and those 
cases in which there is a probable or evident active cavitation (advanced 
cases), there will be 205 incipient and 205 advanced cases. 

Of the 205 incipient cases 118 had hemorrhage, and in all but 13 was 
the spirochaete demonstrable. Also of the 56 cases in which the spiro- 
chaete could not be found, there was active cavitation in 43. 
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We are therefore warranted in drawing the following conclusions. 
In cases of tuberculosis pulmonalis: 

1. The presence of the spirochaete of Vincent (and B. fusiformis) 
in the sputum makes hemorrhage a probable complication (76 per cent). 
The absence of the spirochaete is against hemorrhage (36 per cent). 

2. Hemorrhage rarely occurs in incipient cases unless the spirochaete 
is present (be the spirochaete the cause of the hemorrhage or merely 
an indication of mixed infection, or other predisposing factors.) 

CASES WITH SPIROCHAETE. CASES WITHOUT SPIROCHARTE. 
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CHART 1. SHOWING RELATIONS TO HAEMORRHAGE AND STAGE OF DISEASE 


3. An examination of the sputum in all cases, and particularly in 
incipient cases, for the presence of the spirochaete, should be of great 
value when desiring to determine the amount of exercise (or other 
hemorrhage favoring factor) the patient may indulge in. When present 
the patient should be treated as one in whom hemorrhage has already 
occurred: when absent considerably more latitude in exercise and general 
freedom may be allowed. 
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GOVERNMENTAL HOSPITAL FACILITIES FOR DIS- 
CHARGED TUBERCULOUS SOLDIERS 


On February 3, 4 and 5, 1920, hearings were held in Washington 
before the Committee on Public Buildings and Grounds, House of 
Representatives, on additional hospital facilities for discharged soldiers, 
sailors, marines, and army and navy nurses (H. Doc. No. 481). The 
following extracts which relate to tuberculosis are taken from Docu- 


ment No. 14 of the Committee. 
February 4, 1920 


STATEMENT BY DR. EDWARD R. BALDWIN 


Dr. BALDwin. The question was whether in tuberculosis cases the 
best or most advanced medical thought of this day leans to the idea 
that there should be almost complete rest in the treatment, both 
mental and physical. The answer which I would be privileged to 
give you, as I have been introduced as a professional tuberculosis man, 
is that it is true; but that answer has qualifications that both rest and 
exercise might be considered equally important. Rest during the active 
stage of the disease and mental and physical exercise as soon as the 
disease becomes quiescent would be,inbrief,myanswertothat. . .. . 

Mr. Crark. I would like to ask you one question. At what par- 
ticular stage of the disease would you advocate mental and physical 
exercise? 

Dr. BALDWIN. At many stages. 

Mr. Citark. How is that? 

Dr. BALDWIN. At practically all of the stages except for the man who 
is bedridden, of course. 

Mr. Crark. Isn’t it the practice to put them all to bed when they 
first come for treatment and keep them in bed for quite a long while? 

Dr. BALDWIN. Not any length of time; no, sir. 

Mr. Ctark. What would you say would be about the average? 

Dr. BALDWIN. The average is about one month of complete rest 
for incipient cases; possibly three months for moderately advanced 
cases; and six months for more or less chronic or far advanced cases, 
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if you understand these terms. ‘They are more or less technical, 
The term “far advanced” may apply to a man who is doing a fairly 
good day’s work. That should be understood. 

Mr. CiarkK. I think we understand, but I did not know about the 

work, 

Dr. Batpwin. It has been found that a certain amount of work 
which is interesting and satisfying to a patient is quite consistent with 
very good progress in the arrest of the disease. 

Mr. SmitH. I am interested in the kind of buildings that we should 
erect. Would it be necessary in the treatment of tuberculosis, for 
instance, to have expensive buildings? } 

Dr. BALpwin. If it is intended for a permanent structure I think 
it should be a building that is built with considerable regard for the 
future, and should be durable, not necessarily of expensive construc- 
tion. I should say that it should have plenty of light and ventilation. 

Mr. SmitH. That is what I thought, that is what I had in view that 
the main object was plenty of good light and ventilation. 

Dr. BALDWIN. Yés, sir. 

Mr. Ertiott. I just want to ask the doctor if he thinks it is neces- 
sary to build these tuberculosis hospitals in as expensive a manner as 
Trudeau Sanatorium has been constructed, these buildings? 

Dr. Batpwin. I would answer, sir, that Trudeau Sanatorium would 
be no criterion whatever for any other. A good many of those cot- 
tages have been given by different individuals as monuments to their 
friends. 

Mr. Smite. Would you recommend that these hospitals should be 
built in the country? 

Dr. BALpwin.. I would select a place where the air was salubrious, 
with large grounds, on a hill side within the limits of a city, or within 
a short distance of a trolley line not too far distant from a city. That 
would be the situation I should recommend. ' 

Mr. SmitH. These patients should be in the West and in the South- 
west, should they not? There would be a big advantage in location 
and a saving in the kind of buildings that it would be necessary to 
construct. 

Dr. BALDWIN. My personal opinion about that would be influenced 
a good deal by the number of men near the location of.the hospital, 
or the nearness of their homes. I believe as a general policy the treat- 
ment of tuberculosis on a large scale in this country or in any other 
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country, particularly with men who have families, that it should be 
possible to treat them more successfully, much more successfully, 
within a reasonable distance of their homes. 

Mr. CrarK. What do you think about the climatic conditions? 

Dr. BALDWIN. In the first place, I think that there is an exagger- 
ration in regard to the climatic treatment that has been traditional 
in the medical profession and in the lay mind. Good results can be 
obtained, I think equal results, in a great many different climates, 
whether sunshiny, or dark, or cold, or wet, or hot. As a rule the patient 
is better satisfied in the long run if he is near his family and has attract- 
ive surroundings with good food and diversion of some kind. 

Mr. Crark. In other words, keep his mind occupied? 

Dr. BALDwin. The mental condition has a lot to do with it. 

Mr. CLARK. So it is necessary, Doctor—isn’t the ideal treatment 
a treatment that will give as near perfect rest to the mind and to the 
body as possible? 

Dr. BALDwin. So long as treatment is required; yes, sir. 

Mr. CLrarK. Now then, Doctor, I want to ask you one more ques- 
tion. Has climate got anything to do with it? 

Dr. BALDWIN. Yes, sir. 

Mr. CLARK. Sir? 

Dr. BALDWIn. Yes, sir. 

Mr. CrarKk. If that is correct, then you cannot have all these patients 
near their homes. 

Dr. BALDWIN. Well, sir, I would like to qualify the blank state- 
ment that climate has much to do with it. Climate has something 
to do with it. In other words, take a day like this (cold, dark and 
sleeting) it is not agreeable for a patient to sit outside and take the 
open air, not as agreeable as it would be if the sun was shining clear 
and the air was dry, but the difference is largely psychic. But, where 
we are building a hospital in a climate similar to this, we could pro- 
tect the patients from exposure. Those things can be obviated in 
treatment. Consequently the elements of the climate which go to 
make up the favorable environment of the patient are not all outside 
of our control you see. 

Mr. CrarK. Now, there is just one other question I would like to 
ask you. Do you hold the position that a patient that has contracted 
tuberculosis can recover more surely and more speedily if transferred 
to a different climate than that in which he contracted the disease 
or can he recover more surely and more speedily in the same climate? 
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Dr. Batpwin. If I should answer that question without qualifica- 
tion, I should say that he could recover equally well anywhere, pro- 
vided he has the essentials. 

Mr. Citark. Has the same treatment? 

Dr. BALDwin. The essentials. 

Mr. SmirH. Your theory is that a person should be treated as near 
to his own home as possible. Would it not be best except in chronic 
cases to treat the man in his own house? 

Dr. BALDWIN. That would seem to follow but it has not been found 
in practice to work out. 

Mr. SmitH. Why? 

Dr. BALDWIN. In the first place, it is important that he be not 
surrounded by his friends, in the same house, and there is very great 
difficulty in treating a person in his home because he may have 
children. 

Mr. SmitH. Not many of these boys. This is not provided especially 
for married people. These boys are largely young men that are need- 
ing treatment. They are not married, possibly not more than one 
in 50 is married. 

The CHarRMAN. Isn’t it impossible to give the right kind of treat- 
ment in a person’s home——. 

Mr. CHINDBLOM (interposing). Isn’t there danger of infecting people 
around them? 

Dr. Batpwin. As a matter of fact the men are not very welcome in 
their surroundings. With the present attitude of people he is very 
apt to be made a leper. 

Mr. CutnpBLom. I do not know ern this has been brought out 
or not. Isn’t it a fact that it is better for a man to be treated in the 
atmosphere and in the climate in which he expects to live? 

Dr. BAtpwin. There is something in that. I believe I have answered 
a similar question that was asked by some other gentleman. The fact 
remains that tuberculosis can be treated successfully in any climate. 
There are certain ways of accomplishing this. In the same climate, 
for instance, let us suppose that we are in the South where the climate 
the year round is debilitating. Then an invigorating climate is rather 
essential. But, if a man is going to live in the city of Mobile, for 
example, or New Orleans, if he is going to look forward to living there, 
I believe in many instances a cure could be made and should be made 
as near that place as possible. If the man suffering from tuberculosis 
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should go to a climate having a high altitude, with very cold dry air, 
then obviously when he goes back to New Orleans or Mobile it would 
possibly react badly upon him. Does that answer your question? 

Mr. ANDREWS. Doctor, as I understand a patient suffering from 
tuberculosis can be treated and good results can be secured in treating 
a tuberculous patient anywhere in the United States so far as climate is 
concerned. 

Dr. BALDWIN. Practically; yes, sir. 

Mr. ANDREWS. Now what you really regard as the best location is 
on a hill—— 

Dr. BALDWIN. Elevated country places, surrounded by good air— 
that is, where there is no smoke and dust. 

Mr. Exuiott. Are you familiar with the United States marine hos- 
pital at Fort Stanton? 

Dr. BALpwin. Only through knowing Maj. Smith and his service, 
and his work. 

Mr. Extiott. Well, that institution, or was, when I saw it 14 years 
ago, is built about as cheaply as it is possible to build an institution 
of this kind. Do you know what results are being obtained there as 
compared with the results being obtained at Trudeau? 

Dr. Stimpson. Dr. Smith could answer that. 

Dr. SmirH. It is impossible to make comparison, because at Trudeau 
they have a different class of patients from the patients that we have 
at Fort Stanton; but I think Dr. Baldwin will bear me out that the 
statistics of all institutions, no matter where located, show practically 
the same number of apparent cures for patients in the same stage of 
the disease. For instance, the percentage of apparent cures of moder- 
ately advanced cases is practically the same at Trudeau as the apparent 
cures of moderately advanced cases in New Mexico. 

Mr. Exxiott. In 1905 I was appointed a member of the Indiana 
board, and I visited Fort Stanton, N. Mex., that year, and the next 
year we visited Trudeau. I mention these two institutions because 
one seemed to be an extreme in one direction and the other in the other. 
At Fort Stanton, as I remember at that time, their buildings accom- 
modated or were arranged to accommodate two men at a cost of about 
$151 to house those men. At Trudeau Institute I found places there 
where they said the cottages cost $20,000 apiece and should house 
four men. Now, as I understood, the reason for this was that charitably 
inclined people would make a bequest or donation to Trudeau Insti- 
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tute and require them to build houses as a monument to them. They 
had to be built very fine, but as near as I could find out, one was about 
as effective a house as the other so far as doing the patient any good 
was concerned. 

Dr. SmitH. The tent houses at Fort Stanton are for the treatment 
of ambulatory cases, which in that institution would be suitable for 
a certain amount of exercise. The cottages at Trudeau are I think 
intended to cover the treatment during all stages of the disease. At 
Fort Stanton it was necessary to provide an expensive infirmary, and 
make provisions for semiambulatory cases as well as these tent houses 
which provided only for treatment of ambulatory cases. The cost of 
building the tent houses, of course, does not include the cost of the 
executive building and the infirmary, but only takes care of these 
ambulatory cases. 

Mr. Ettiotr. Did you ever see the Denver Y. M. C. A. detention 
colony? 

Dr. SmitH. No, sir. 

Mr. Extiotr. It was on a little farm just outside of the city of 
Denver. They had a farm house for an administrative building and 
the patients all used the same sort of tents. They were very cheaply 
constructed and they claimed to us that they had very, very good 
results from that place. Then over at the Memorial Home 
they had very fine buildings that cost a lot of money and they were 
doing very well by their patients there, but I believe not any better 
than they were at the cheaper place, and we came to the conclusion 
on that trip that it was not necessary for the treatment of tubercu- 
losis to build a big fine building. 

Dr. SmirH. I think you saw different phases of the treatment. 
When you saw the tent houses you saw the patients who were ambula- 
tory and when you saw the hospital you saw patients who required 
hospital treatment. A patient who this week is fit for ambulatory 
treatment may next week require bed hospitalization. 

Mr. CutnpBLtom. When you speak of hospitalization, do you mean 
bed treatment? 

Dr. SmiTrH. Yes, sir; tuberculosis runs in cycles, subject to periods 
of quiescence and to periods of exacerbation. 

Mr. What? 

Dr. SmitH. Subject to periods of quiescence and then to periods of 
‘exacerbation when the disease makes progress. 
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Mr. Crark. Doctor, you are talking to a lot of laymen and I think 
it would be better for you to explain as you go along so that we may 
better understand. 

Dr. SmirH. A man at any stage of this disease is liable to have periods 
of fever and at those times he must be removed to a bed. Uniformly, 
all hospitals, such as Trudeau Sanatorium, and hospitals for the treat- 
ment of tuberculosis, have infirmaries for that treatment, and they 
are equipped for that treatment. After an indefinite rest in bed, his 
disease again becomes no longer active. After the doctor is sure that 
it is no longer active he can gradually be restored to the ambulatory 
stage and at such times occupy tent houses. He may take some edu- 
cational training, but he must be watched and the infirmary must 
always be available to remove him to quickly if the disease becomes 
active. 

Mr. CtarK. Doctor Smith, there is one other question that I want 
to ask you. You refer to apparent cures. Will you explain what you 
mean by that? 

Dr. SmirH. The definition for apparent cures as laid down by the 
National Tuberculosis Association is a lack of physical signs, absence 


of physical signs, and apparent state of good health for three months. 
Dr. BALpwin. I do not know exactly whether Dr. Smith would 
agree with me in an answer to that question or not. In a general way 
that is true, I should say, the definition—these terms have been sub- 
ject to a good many disputes among doctors and it is too bad— 
Mr. CHINDBLOM. There is no chance for us if the doctors cannot 


agree. 

Mr. Crark. If the doctors cannot agree we are lost. 

Dr. BALDWIN. I think, in a general way, Maj. Smith’s statement 
about the absence of symptoms would mean more than the absence 
of physical signs, that if he were entirely free from any symptoms 
of the disease that he might be classed for a time, by using the term 
“apparently cured.” 

Mr. CrarKx. Doctor, is there ever such a thing as an absolute cure? 

Dr. BALtpwin. Well, I have been cured for 28 years. 

Dr. SmirH. I have been cured for 14 years. 

Mr. CtarK. Then, at what time can you tell that a man is abso- 
lutely cured? 

Dr. BALDWIN. We have termed in our National Association’s 
nomenclature that a man is called a cure; that is, a man is called a 
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cure or an apparent cure if after two years’ living under normal con- 
ditions of his life’s work, and living a normal life; that is, working 
and living in places in his old home under conditions and business 
such as he was before he contracted the disease, if he goes two years 
without a relapse we feel justified in classing him as a cure. He may 
then relapse, even then, but—— 

Mr. CLARK (interposing). It is possible, but not very probable? 

Dr. Batpwin. If he goes two years, in the majority of cases we 
feel pretty safe. 

Mr. CuInDBLoM. Let me ask you a question. Isn’t it a fact that 
a large portion of the population at some time or other in the course 
of life have tuberculosis in a lesser or greater degree and they by natural 
methods effect their own cures? 

Dr. SmitH. Yes, sir; that is undoubtedly true. 

Mr. CHINDBLOM. When a man at some period takes a physical 
examination, the physician sometimes discovers signs of a previous 
tuberculous condition which has been overcome by nature itself? 


Dr. SmitH. Yes, sir. 
February 5, 1920 


STATEMENT OF DR. E. R. BALDWIN—Resumed 


Dr. BALDwin. Mr. Chairman and gentlemen, I have been requested 
to come down here in the interest of tuberculous soldiers and service 
men from the standpoint of not only a tuberculosis specialist, but I 
might say also that of a patient myself, and also as interested in the 
management of an institution for the cure of tuberculosis. 

The first question I think the committee will be interested in is the 
need for this hospital construction for tuberculosis. I take it that is 
the main question you wish to ask me. I have read this tentative 
draft of the bill and the features on which it is based. I might say 
briefly that practically every point I see here is very well taken, and 
the only comments I can make is that I fear it will be very inadequate. 
The program is inadequate at the best. The known cases of tubercu- 
losis given on page 42 are 30,638. Then, there is an estimate of what 
will in all probability happen in the next 40 or 50 years. Experience has 
shown that of men who die between the ages of 20 and 40 in the aver- 
age population, about one-third of the deaths are due to tuberculosis. 
The data which are given here states the low percentage of 1 to7 
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deaths for all ages, male and female, which is hardly a fair estimate 
of the number of cases of tuberculosis that will take place. Granted, 
however, that an ex-service man is more vigorous than the average 
man when he was discharged from the Army a well man, we have per- 
haps a selected class of men to which a certain amount of allowance 
should be made for their good promise of health and expectation of 
life, as a life-insurance man would say. So far as tuberculosis is con- 
cerned the question may be asked as to whether this class of men dis- 
charged from the Army is as likely to develop tuberculosis as is an 
average population of men of the same ages. In my judgment that 
is a very difficult thing to determine. The vicissitudes of life have 
so much to do with the development of tuberculosis in individual cases 
that even the strongest constitution may break down. The weaker 
man who has been refused service in the Army may outlive him be- 
cause of the fact that he takes better care of his health. The ex-serv- 
ice man is not noted as a rule for great care of his health. I may 
remark that in the experience of the Civil War and the Spanish-Ameri- 
can War, tuberculosis has followed after years and has affected many 
veterans, but we must admit that the service men discharged 
from the recent war have a much better start. : 

Mr. SmitrH. In asking for pensions for different soldiers on account 
of disability and disease acquired in after life, the department down 
here requires him to prove that it was contracted in the Army during 
his service. Now, I understand from your statement that it is your 
idea, and I do not disagree with you, that should one of these service 
men contract tuberculosis in after life, he still should be taken care of 
by the Government. I will ask you, if that is true, should not the 
same rule apply in case he should contract any other malignant dis- 
ease or become disabled by the loss of an arm or limb—should he not 
also receive the care of the Government? 

Dr. BAtpwin. The logic of such a statement would be unanswer- 
able. 

Mr. SmirH. It is called up by the fact that Civil War veterans have 
proved they contracted it in the Army. 

Mr. CuinpBLom. The original law on which this is based requires 
that. This is aside from the main question, but later provision was 
established to take care of that. 

Dr. BALDWIN. The answer to that general question is the tracing 
back of the origin of tuberculosis to the service. Then it would have 
to take care of those who contracted tuberculosis in the Army. 
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Mr. CuinpBLom. Let me suggest that the present war-risk insur- 
ance law, I should say, also assumes the disability or illness to have 
been acquired in the service. 

Mr. SmitH. There is a new rule which does not apply in the Civil 
War veteran cases, because in the new war-risk insurance there is a 
hard and fast rule that a man is absolutely well when he goes in the 
Army but had a prima facie case in the Civil War Army. 

Dr. BALDWIN. My reference to Civil War veterans was perhaps 
misleading. 

Mr. SmitH. What I want to know is, is your thought that we should 
establish hospital facilities to take care of all service men whether their 
disabilities were acquired in the service or afterwards? 

Dr. BALDwin. My own idea of that is gathered from discussion with 
various Army officers and officials of the War Risk Bureau. 

Mr. SmitH. And they think it should be? 

Dr. Batpwin. They have taken the ground that it is so easy to 
prove and so difficult to disprove that a man got some injury or dis- 
ability during his service which might add to his disability five years 
later. As to tuberculosis, it would be very difficult to establish the 
fact that a man did not get some injury in service, which in the case 
of arrested tuberculosis might come back ten years later and on the 
presumption that the service man will be given the benefit of any doubt 
as to the origin of his disease it seems to me that the estimate of future 
cases of 46,000 during the next 40 years probably is not sufficiently 
large, but it certainly is a safe one from my standpoint. 

Mr. ANDREWS. May I offer a suggestion occurring to my mind as 
the doctor broached this question? I can see that there will be a great 
many tuberculosis patients in the future and hospital facilities will 
be needed for the entire country, but whether that is true or not, will 
it not be true that the Government will be obliged in future years to 
furnish facilities for any of these disabled soldiers, whatever their 
disabilities may be, who are in unfortunate financial condition and 
unable to care for themselves? Now, there is a margin it seems to 
me in that line that might take into account as a portion of the facili- 
ties that will develop but that might be provided for by the reduc- 
tion in the demand in the years before we reach that point when the 
age of these men will demand care similar to that now furnished in 
the homes for soldiers. I just offer that as a suggestion that might 
be carried out. I think the gentleman from Michigan had certain 
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phases of this in view in relation to the Civil War. Now it will not 
be easy to prove where the disability originated. 

Mr. SmitH. I am in favor of taking care of the disabled and needy 
soldier. I am in favor of looking after them in the hour of need. 

The CHAIRMAN. Of course that is a point of the compensation 
policy of the Government. After a lapse of 25 or 30 years they ex- 
tended compensation to soldiers without regard to the service origin 
of their present disability. That was done in the case of Civil War 
soldiers and is pending in the case of the Spanish-American War soldiers 
to-day. 

Dr. BALDwin. That was the basis of my estimate. 

Mr. CHINDBLOM. I note in House Document No. 481, on page 17, 
in fact one of the officers called my attention to it, there is a paragraph 
relating to the need of medical care for those who carry life insurance 
policies issued by the Government. Is it your purpose to discuss 
that feature at all, doctor? 

Dr. BALDwin. On that feature I would be very glad to answer any 
question I might be able to. 

Mr. CuinpBLom. I presume it is a question of policy as to how 
far the Government should go in protecting itself in payment of the 
amount due on policies? ! 

Dr. BAtpwin. I think it is absolutely sound business. The great 
State insurance policy of the German Empire was to prolong the work- 
ing power of their men. It was an economic measure and by sub- 
sidizing their insurance companies they proved they could prolong 
that working power of their men to a certain extent. 

Mr. CuinpDBLoM. That would require periodical examination of the 
policyholders, would it not? How frequently? 

Dr. BALDWIN. Once a year. 

Mr. CurmnpBtom. Are there any policies written with this com- 
pensation feature requiring periodical examination? 

Dr. BALpwin. I am not aware of any companies in this country 
that issue policies of that kind, with the exception of sick benefit 
organizations and fraternal orders. Some large corporations like 
the Metropolitan Life Insurance Co. have features which approximate 
that in effect, that periodically their employees shall be subject to 
examination if they carry a policy. 

Mr. CuInpDBLoM. I note this statement on page 17: “Large life 
insurance companies have for sometime recognized this fact and are 
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endeavoring to have their policyholders kept under medical super- 
vision and examined by the company’s physician at least once a year, 
without regard to whether or not they are sick.” I was wondering 
if there was anything of that sort in operation. 

Dr. Batpwin. I think you are familiar with the Life Extension 
Institute plan, are you not? This is a proposition largely financed 
by a group of the large insurance companies. Prof. Irving Fisher, 
whom perhaps you all know of, advanced this idea of examination 
periodically as being of benefit to the companies by prolonging their 
policyholders’ lives; informing them early in the game whether they 
were in danger and have them take the necessary steps to protect 
themselves. 

Mr. CurnpBtom. Prof. Fisher is interested in stabilizing American 
life as well as American dollars. 

Dr. BALDwin. In my judgment the figures which are presented 
here and given in tabulated form on the last page are the best method 
of showing the gradual increase in the number of cases up to a certain 
age and their adding to gradually until the entire tuberculosis popula- 
tion should be reached. I am not able to criticize or suggest anything 
but I believe this is sound and based largely on the Prudential Life 
Insurance Co.’s figures of their experience with life at different ages. 

The CHatrMAN. That is supposed to be very accurate? 

Dr. BALDwin. I believe it is because the Prudential Life Co.’s figures 
relate to the average population. The next point I would like to touch 
on is the question of hospital and sanatorium features. is it desirable 
that the Government should build or subsidize institutions for the 
treatment of ex-service beneficiaries? Emphatically yes. First be- 
cause tuberculosis is a peculiarly insidious and also an infectious dis- 
ease and for treatment to accomplish any valuable results, involves 
skill and intelligence, instruction and constant supervision to get the 
best results. Then a large number of these men are invariably advanced 
cases when discovered and will become bedridden invalids in the course 
of time. Provision at the present time is so limited and the attitude 
of public and private agencies to relieve tuberculosis with whatever 
help they may be able to give is so grossly inadequate that there is 
not any place to-day for any large number of the service men and the 
consequence is that the hospital and sanatorium treatment of these 
beneficiaries of the Government seems almost an absolute necessity. 
If there is any argument for the treatment of the insane service men, 
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there is also an actual argument for the treatment of the tuberculous 
servicemen. The more facilities there are for the tuberculous service 
men, for early diagnosis, for humane and proper care, the greater 
will be the reward of the country in recoveries and prolonged life and 
activity and it will more than bring back what is spent. 

Another thing, Mr. Chairman, is that the advanced tuberculous 
patient who is unable to work much, if at all, is to-day a leper and 
is treated like a leper in a great many communities. If he has no 
home he is kicked about, and some of the municipal authorities treat 
him like a pauper, and I take it that the ex-service man and bene- 
ficiary of the Government is not going to be treated like a pauper. 
The public will not consent to it, and there will be not only a demand 
but a compulsion on the part of the United States Government to do 
something more than the average county supervisor or poor master 
will do. In some instances it is necessary to treat advanced cases 
in their homes, and these advanced cases are a menace to their families 
and to those surrounding them. The logical and proper thing to do 
is to put them in places where they cannot do any harm. This should 
be done with consideration; they should not be treated like lepers 
but should be given good care, good rooms, good food, proper nursing, 
and above all, intelligent medical supervision. 

Now, what are the facilities to-day? I have been over the estimate 
here of the civilian institutions you have before you in this report 
here, and the number of public health institutions which is given here 
on page 2 is 2,400 beds in Government owned or leased institutions. 
Now, these, I presume, are mostly beds for advanced cases and do 
not contemplate treatment of the favorable tuberculosis patients. 

Mr. CuInDBLOM. What is it you are giving us now, available beds? 

Dr. BAtpwin. Available beds leased by the Government. 

Mr. CHINDBLoM. Are you taking your figures from page 2? 

Dr. Batpwin. Yes, sir. There the estimate is given that 10,000 
beds will be needed. As I stated in the beginning, there is a very 
large number of ex-service men to be treated. To begin with 10,000 
beds are needed, and the question is, How many of these beds can be 
found among the present civilian institutions? There has been an 
attempt on the part of the Public Health Service to find as many beds 
as possible for immediate use. I made astudy of the number of 
institutions and the character of them from the records given to me 
from the statistics contained in this report here, and in many 
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instances have personal knowledge of the institutions and their char- 
acter, and while there are estimated to be something like 3,200 beds 
among the civilian institutions offered for Government purposes, it 
is evident that in the majority of these offers they simply shut out 
that number of civilians. They are full all the time and have a long 
waiting list all the time. I know, from your remarks yesterday, that 
you are all somewhat familiar with these conditions. 

Mr. CuinpBLom. The bureau estimates that there are about 3,200 
beds now available in institutions? 

Dr. BALDWIN. ‘There have been more than that offered in boarding 
houses and places that are not institutions as such, simply nursing 
homes or boarding houses simply offering housing accommodations, 
places without any special control. In Colorado and other places 
there are many hundreds of service men who are not in any institu- 
tion; simply went there on their own initiative, getting no particular 
treatment or care. 

Mr. CutnpBLom. Where are these 3,200 beds which you refer to? 

Dr. BALDWIN. They are scattered throughout the country. As 
stated, there are 2,500 beds offered up to September. Dr. Smith, who 
has been in charge of the New York section, District 2 of the Public 
Health Service, tells me the majority of the beds offered since that 
report have been from small boarding houses. 

Mr. CutnpBLom. Do you know of any institutions that have here- 
tofore been used for the treatment of alcoholism that are now avail- 
able for the Public Health Service? 

Dr. BAtpwin. I really do not; that is out of my field. 

Mr. CutnpBtom. I mean as available for the use of the Public 
Health Service. I think there are such institutions which are no 
longer being used for their original purpose. Might not such institu- 
tions be considered or offered for this purpose? 

Dr. Batpwin. I have not heard of any such offers. 

Dr. Stimpson. Dwight, IIl., has been offered to the service for lease, 
and I have a description of the property and a report from Dr. Smith, 
who reviewed the inspection report. 

Dr. SmitH. None of these institutions is adapted to the care of 
the tuberculous in any way. Inebriates do not constantly need fresh 
air; they need supervision, very close confinement at times, and pos- 
sibly care similar to the care of the insane. The institutions are all 
small, and the provisions are such as those provided usually for charity 
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cases; the locations are almost never suitable for the care of tubercu- 
losis patients. The number of beds is negligible, because they are 
almost always adjacent to some existing institution. 

Mr. CHINDBLOM. Would they be suitable for the care of any other 
class of patients? 

Dr. SmitH. ‘They might possibly be suitable for the care of psycho- 
neurotics. 

Mr. CuInDBLOM. There have been a number of institutions in the 
country that have been devoted to that work, and my understanding 
is that they are going out of business, or at least are reported to ” 
going out of business. : 

Dr. BALDwin. I feel, as far as that is concerned, that itis a mere 
drop in the bucket but might be used in the communities in which 
they exist for the treatment of tuberculosis if they can be altered for 
that purpose. They are certainly needed. The State of New York 
alone has about 50,000 tuberculous people not being cared for, and 
largely because of no proper accommodations. 

Mr. ANDREWS. Does this estimate of 10,000 beds consist entirely 
of the immediate needs. 

Dr. BALDWIN. Yes, sir; the immediate needs are only half cared 
for. 

Mr. TacuE. In the building of an institution, how large an institu- 
tion should be in any one community? 

Dr. Batpwin. This is a matter of administrative policy but in my 
judgment it will be modified by the vocational treatment question. I 
second everything that Dr. Coop said yesterday and think this is the 
greatest opportunity to do more for tuberculosis than this country has 
ever done and to help these people. If he gets well but is not physically 
strong and cannot get a job, here is an opportunity where the institu- 
tion can be made of help to fit the vocational needs of a neighborhood, 
especially where the large centers exist like Philadelphia, Cleveland, 
Cincinnati, Chicago, St. Louis; but suppose in that immediate neighbor- 
hood vocational treatment can be concentrated to meet the needs of that 
particular field. Possibly an institution of as many as 500 beds would be 
a desirable thing. In another place an institution of 150 beds would 
probably meet the requirements. That is an administrative policy but 
in my judgment it should be handled in connection with vocational 
training. We have a lot of tuberculosis wrecks that have never been 
salvaged. There are plenty of men capable of doing half a day’s work, 
intelligent men, but there is nothing ready for them to do at present. 
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Mr. TacuE. In what part of the United States are climatic condi- 
tions most suitable for these hospitals for the treatment of tuberculosis? 

Dr. Batpwin. That question is a very difficult one to answer. [ 
believe there is something in climatic conditions but so far as treatment 
is concerned I believe it matters very little, provided you have salu- 
brious air, freedom from smoke and dust and protection from strong 
winds. If a man has an arrested case of tuberculosis, by all means, if 
he can get occupation in a favorable climate, like the Southwest or the 
mountains, he should go there. 

Mr. SmirH. Does altitude make any difference? 

Dr. BAtpwin. It makes a difference in the coolness of the nights 
and has a certain physiological value. Vigorous races frequently come 
from mountain regions, but as Maj. Smith stated, provided they have 
proper supervision, one climate does as well as another. Institutions 
operated for 30 to 40 years have shown as many recoveries in bad cli- 
mate as in good climate. Even in Pittsburgh, one of the small institu- 
tions produces cures right in the midst of smoke and dust, but it is not 
a pleasant place to take the cure. 

Mr. SmitH. A good many of the institutions are making a hard 
drive and spending a great many million dollars in the fight against 
the white plague and a good many philanthropic men have contributed 
a large amount of money: Do you think the Government is behind in 
trying to stamp out tuberculosis? 

Dr. BAtpwin. The Government has had absolutely no facilities. 

Mr. SmitH. Are some of these institutions more advanced than 
others? 

Dr. BALDWiIn. Very much. 

Mr. SmitH. In Michigan they are making a fight against it. 

Dr. BALDwin. They are making great progress there. 

Mr. CuinpsLom. Ailso in Illinois. 

Dr. BALDWIN. Yes, also in Illinois. This, gentlemen, is another 
wedge for recognition in the Government for health purposes of hos- 
pitals for a certain number of men. To start with we must have enthu- 
siasm and knowledge and the only way to do it is to start with the 
soldier problem. You have the people behind you; they want the 
soldier taken care of. 

Mr. SmitH. What percentage of persons affected with tuberculosis 
is curable? 
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Dr. BALDwin. That is a very hard question to answer. Experience 
in the past has shown that about 50 per cent of the patients, as they 
come, can be put back in good health. 

Mr. ANDREWS. Just at that point might I suggest that we could 
perhaps expedite matters and economize also, if codperation could 
be developed on the part of the States and the Federal Government 
in relieving this condition, such as we have done with the soldiers 
of the Civil War. Each State go a certain distance and then the Federal 
Government go still further but the two codperating might economize 
somewhat. I wondered whether anything had been developed along 
that line to show the possibility of codperation. 

Dr. BALDWIN. In answer to that I have no facts to offer, except an 
offer on the part of the State Sanatorium of Missouri of beds they will 
set aside for soldiers and in thatlist of the entire number of States where 
there are beds offered there were 389 beds offered up to September. 

Mr. CuinpBLom. What States are offering them? 

Dr. BALDwin. I will try to give you that. 

Mr. SmitH. Can we not have that for the record? 

Mr. Extiotr. You say they have a waiting list now? 

Dr. Batpwin. That is the statement I made previously. The 
superintendents of these institutions which have offered beds have 
not stated they have a waiting list but simply that they would take 
so many men but it is understood that a man would have to wait for 
admission anywhere from a week to three months. The States offering 
beds are New Hampshire, Vermont, Rhode Island, Connecticut, Penn- 
sylvania (?), Maryland, West Virginia, Indiana (15), Michigan (20), 
Wisconsin (65). That is all. These are the only State institutions 
thus far that have offered any beds to the National Government for 
this purpose so far as this record shows. 

(NoTtE.—The number of available beds varies from week to week.) 

Mr. CuInDBLomM. I presume these offers are based on facilities avail- 
able by these various States? 

Dr. BALDwin. Yes, sir; these facilities are all available; the total is 
389 beds. The idea or advisability of making some sort of a partner- 
ship between the State Government Commissions on Tuberculosis and 
the Public Health Service has been considered, I know, by officials of 
the Public Health Service but the difficulties are considerable; there are 
legal obstacles and the attitudes of the States have not been particularly 
liberal. 
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Mr. ANDREWS. You speak of legal obstacles. What legal compli- 
cations could arise in a case like this: Suppose a State institution had 
50 beds and the Federal Government paid the expense for the care of 
the patients occupying those beds? 

Dr. Batpwin. There would be nothing there, the only point is that 
none of these institutions has any extra beds for the care of soldiers. 

Mr. AnpDREws. I have observed in this business that there is a 
feeling that the Federal Government should do everything and the 
State nothing and I would like to break down that feeling and make use 
of the maximum resources at command. 

Dr. BALDwin. The great problem of this, so far as a partnership 
between the State and the Federal Government is concerned, is, as I 
see it, the total inadequacy of this matter. The Canadian experience 
was that they found they had quite a big problem on their hands, and 
they had to get after it at once and make a big appropriation. 

Dr. Strupson. On page 15, in the second and third paragraphs, we 
considered the methods that might be available. It is suggested that 
the Government build wards for the care of these patients in connection 
with State institutions for tuberculosis. Now, this is just a suggestion. 
Personally I do not believe that it is going to be practicable. State 
institutions are mixed institutions, for women and children as well as 
men. Now, these are young men, and if they are put with women and 
children it is hard to manage them. They are young men and do not 
want to obey the rules; do not want to do this, or to do that, which is 
essential for their cure. 

Mr. ANDREWS. They do not want to do, and are not willing to do, 
things essential to their cure? 

Dr. Stuvpson. I do not mean they are not willing, but it is hard to 
get them to do so. 

Mr. ANDREWS. If they are not willing, how far should we go? 

Dr. Strumpson. They are all willing when they first goin. Another 
thing, the law fixes the rate which a State may charge. 

Mr. ANDREWS. Laws are sometimes amended. 

Dr. Strupson. Virginia fixed a rate of $5 per week, while the actual 
cost of one of our patients to-day is $14.97 per week at that particular 
institution. 

Mr. ANDREWS. Does that mean it costs the United States more to 
do business than anyone else? 


cq 
E 
iW 
be 
is 
a 
if . 
og 
ig 
4 


FOR DISCHARGED TUBERCULOUS SOLDIERS 223 


Dr. Stmupson. No; I do not think so. Also it is not satisfactory to 
have a ward owned by the Government just attached to an institution 
where we have no control. There might be complaints about the food, 
nursing, and other things connected with the hospital, which we would 
be powerless to help, and the only thing we could do would be to take 
the patients away, and then it would be under the State management. 

Dr. BALDWIN. The present civil institution is not only inadequate 
in accommodations, but all of Dr. Stimpson’s remarks are very well 
taken as to their management. They are many times managed very 
unevenly. In some States political control has made serious difficulties. 

Mr. ANDREWS. My investigations with committees have shown that 
it has cost nearly double in the hospitals under the Government to 
do the things that are done under the States. Right there is a point we 
will have to do some hammering on; right there is a point where econ- 
omy must be insisted upon. 

Dr. BAtpwin. That is an important consideration. On the other 
hand, these institutions are not managed very liberally in the matter 
of cost. They make the patients do a great deal of the work—make 
beds, polish floors, and do all kinds of cleaning work. 

Mr. SmitH. There is a public hospital, St. Elizabeth; have you been 
there? 

Dr. BALDWIn. No, sir. 

The CHAIRMAN. He is speaking of a Government hospital. 

Dr. Batpwin. The tuberculosis patient who is allowed compensa- 
tion by the Government is in a different category from the man who 
goes to a State institution without any money. He is more independ- 
ent. A State institution, if built up and aided by Government appro- 
priation, in my judgment, should be managed by the Government if 
that can be found feasible. I fully indorse what Dr. Stimpson says, 
that the difficulties of having them under civil management would 
be almost insuperable. The matter at this particular time of making 
more accommodations for tuberculosis people is so great and the impor- 
tance of establishing proper and better standards of treatment and get- 
ting better results from treatment is a thing which expresses itself 
self evidently, and we are not getting the results from our State insti- 
tutions that we should get. We need standardization and better treat- 
ment to set before these people, better medical care, better nurses, and 
vocational training. 
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Mr. SmitH. ‘Tuberculosis is both hereditary and contagious, is it not? 

Dr. BALDWIN. We do not at present use either of those terms. In 
the first place, tuberculosis is not hereditary in a sense. It makes 
very little difference to a child whether he gets tuberculosis before he is 
born, or from his mother’s sputum after birth, or from surrounding 
conditions in his home. 

Mt. SmitH. I asked that for the purpose of making another inquiry; 
that is whether you think it can be stamped out. 

Dr. Batpwin. I think it is being gradually reduced. 

Mr. SmitH. And ultimately can be stamped out? 

Dr. BALDWIN. Yes, sir. , 

Mr. Smita. And I understand from you that it is not hereditary? 

Dr. BALDWIN. NO, sir; it is not. ee 

Mr. SmirH. If tuberculosis is not hereditary, what is the purpose 
of insurance companies inquiring so specifically whether any of your 
ancestors ever had tuberculosis? 

Dr. BALDWIN. Those insurance papers were found to be sound in 
practice, although unsound in theory and in reason. You asked if it 
could be stamped out. It is perfectly logical to expect a millenium of 
that kind, but not in our generation. 

Mr. Crark. Are there any particular ages in life when people are 
more disposed to contract tuberculosis than at other ages? 

Dr. BALDWIN. By contracting you mean developing? 

Mr. Yes, sir. 

Dr. BALpwin. Yes, sir; between the ages of 16 and 30, the ages of 
greatest stress in life; the mentally active age of young men when they 
are undertaking business success; the athletic age, the age of ado- 
lescence, all come under that period. These are the periods of greatest 
stress. 

Mr. CLarK. What would you say of the probability of the develop- 
ment of the disease after 50 years of age? 

Dr. BALDWIN. No, in the great majority of cases. These life tables 
which you will find mentioned here show that after the age of 45 there 
are not many new cases. There are several reasons for this; the first is 
that the individual who has survived until 40 or 45 years of age has 
already overcome a good many opportunities for the development of 
tuberculosis. If he has achieved a competency he has more leisure and 
if he has not and is just drifting along, he has become adjusted to his 
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condition and if he has not developed it at 45 he is likely to live until 
60. If he does develop it at the age of 45 or 50 the chances are that 
inquiry will show that he has recovered from it in early life. In the 
consideration of this problem of the ex-service men, the men who develop 
tuberculosis in middle life are the men who have had it when young but 
did not come under observation. There are instances of tuberculosis 
at 60 or 70 years of age but they are comparatively few. 

Mr. MANSFIELD. How long may the germ repose in the human 
system before it develops. 

Dr. BALpwin. That is hard to say. A good many years may elapse 
between the recognition of the infection and the final development. 
If a young man gets a hemorrhage, say at the age of 15 or 16 years, and 
is immediately taken out of school and sent out west or to the moun- 
tains and gets well, he may years afterwards develop tuberculosis. 

Mr. GRIFFIN. Is not a hemorrhage due in the first instance to tuber- 
culosis? 

Dr. BALDWin. Yes, sir; and 50 years later that man may develop 
another case of tuberculosis. I have at the present time under treat- 
ment a woman 75 years of age and her first hemorrhage was when she 
was 16 years old, and she suffered a relapse from influenza four or five 
years ago. 

Mr. GrirFin. That was independent of any new infection? 

Dr. BALDWIN. Yes, sir. 

Mr. GriFrFIn. So that in your opinion the germ may lie dormant for 
many years? 

Dr. Batpwin. Yes, sir. If we should be unfortunate enough to 
have great stress put upon us we might have a relapse. 

Mr. SmitH. What is the most common way of getting it. 

Dr. BALpwin. Generally from bronchial affections or from stresses 
in the home. 

Mr. SmitH. Not from a cold? 

Dr. Batpwin. A cold may activate it. 

Mr. ANDREWS. What effect is likely to be produced upon the soldiers 
and the development of tuberculosis from the gases used in battle? 

Dr. BAtpwin. Not anything special. Experience has shown that 
of those in the French, British, and Canadian hospitals during the 
war, and they began much earlier than we did, comparatively few 
developed tuberculosis as a consequence of gas. 
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Mr. GriFFIN. It was said during the war, Doctor, and made very 
much of, that these men were coming back with their lungs sloughed 
away. 

Dr. BALpwin. That was due to burning, actual burning of the 
tissues. To revert again to this question of the kind of buildings, I 
would refer to the history of leprosy in Europe. This may be irrelevant, 
but it carries reason. A gentleman I have known, Dr. Jacobi, an old 
gentleman, once told the story to me about the history of leprosy in 
Europe. The leper, during the Middle Ages, was cast out by the 
authorities. He had the disease on his face and was very repulsive 
looking. There is a disease of the face called lupus, and if we had that 
disease on our faces you would want to put us somewhere we would not 
be seen. Leprosy in those days was regarded as a punishment for cer- 
tain sins of their fathers and they cast out these unfortunate people and 
put them in barracks; some such as are being advocated by certain 
county supervisors for tuberculosis patients. 

The leper was possibly willing to stay in those barracks during the 
summer, but as occasionally they would run away and go back home 
leprosy increased, or at least did not decrease; in other words, it was a 
false policy, absolutely unworkable. Dr. Jacobi stated that they began 
to think it over and committees of the different Governments of Europe 
decided they would build attractive places for these people to live in; 
so they began to put up a few cottages and buildings where they could 
have fun, gathering places that would attract any of us and then the 
lepers were glad to stay there and the result is that leprosy has gradually 
disappeared. Now, as a lesson, is there any better opportunity than in 
this country to set aside something within the resources of the United 
States for taking care of these tuberculosis patients? You will not keep 
your soldier in a place that is a barracks very long. It is shown here on 
page 43 that the average hospital patient spends 135 days in the hos- 
pital each year. The tuberculosis patient is usually industrious and 
resourceful, but he has nothing to do at present. Vocational training 
was never used in the past; there was nothing to interest him, and when 
he begins to feel better he is going to get away. Perhaps he is able to 
work a little bit, and wants to go back to work. Human nature urges 
him to get away from his surroundings; so why not in carrying out a 
plan for the cure of these ex-service beneficiaries have a program not 
only to take care of the man who is going to be saved and get perfectly 
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well and be an asset to the country? Fifty per cent of these men can 
be, but the other 50 per cent will be chronic invalids, in and out of the 
hospital. Give them good places to stay and they will be more in the 
hospital, where they can do less harm if inclined to be vicious or careless. 
If you will give them vocational training, it will perhaps lead to inter- 
esting work in that neighborhood by tubercular people. 

Mr. GrirFIn. What do you think of the establishment of farms for 
these tuberculosis patients? 

Dr. Batpwin. I am very glad you asked that question. In the 
experience of tuberculosis specialists the majority of men who have 
tuberculosis are not able physically to stand the severe labor and the 
exposure to the hot sun that farm labor demands. A certain propor- 
tion of them will, especially those who have been strong, vigorous men, 
but not the average. They could do gardening, poultry work, and tree 
planting perhaps, but when it comes to the harnessing of teams of 
horses or mules, digging in the garden, especially under the hot sun, 
brings on a relapse. I have had many instances. 

Mr. ANDREWS. Are not the horses and mules disappearing? 

Dr. BAtpwin. I find there are still a great many of them. 

Mr. SmitH. Can you state what these other countries are appro- 
priating to take care of tuberculosis patients? Can you mention the 
figures? 

Dr. BAtpwin. I have not the figures. I was asked to go to Mon- 
treal for a meeting of the hospital commission. The chairman an- 
nounced at the beginning of the conference—it consisted of physicians 
and tuberculosis specialists—that “whatever program you gentlemen 
recommend for the tuberculous soldier the Government is willing to 
go further.” That was the sentiment and attitude of that meeting, but 
I do not know their present appropriation. England has been very 
liberal, but has not been able any more than we have to meet the needs 
of these tuberculous ex-service men. They have been unable to get 
buildings constructed owing to the drain of the war. They are willing 
to spend the money, however. As I stated above, whatever buildings 
the United States Government constructs, my advice would be, as a 
tuberculosis specialist and as a patient myself, not to put the tubercu- 
losis soldier in a place you would not be willing to go yourself. That is 
the crux of the thing. 
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Mr. GrirFin. Is it your idea that you would have different classes of 
homes or places for these men in accordance with the decrease of their 
disease? 

Dr. BALDwin. Yes, sir; very decidedly. 

Mr. GrirFin. Places where they would be kept possibly another 
year? 

Dr. BALDWIN. Until they were well. The intermediate class: do 
not put him in with a lot of sick people; put him where there is some 
life. He does not want to be put with the dead ones. That is human 
nature. There is a third class, convalescents, who in the summer time, 
at least, would prefer to live in open tents or shacks; but if it is of per- 
manent construction, I believe it should be substantial. 

Mr. Grirrin. Do you favor the building of large, stone structures, 
institutional structures? 

Dr. BALDWIN. No;I do not think them necessary. 

Mr. GrirFin. I do not myself, personally; I think it would be a 
very bad plan. 

Dr. Batpwin. I think two-story buildings would be the most suit- 
able. You do not want the patients climbing stairs. 

Mr. GrirFin. What is your idea about making colonies of cottages? 

Dr. BALtpwin. That is a very difficult matter. I believe it would 
probably be bad policy to attempt to build isolated cottages. I might 
say that in England they are attempting that scheme, colonizing all 
tuberculosis patients, bringing families to these cottages and making 
the men learn some vocation by which they will be self-supporting; 
but they give them facilities to carry on their work in that colony. 

Mr. GrirFin. Are you connected with the Public Health Service? 

Dr. BALDWIN. Only in an advisory capacity. 

Mr. GrirFIn. You do not know, then, whether any attempt has 
been made, or is under consideration now, of conducting this work in 
connection with the vocational board? 

Dr. Batpwin. I have been informed that arrangements have been 
made, but do not know how far they expect to go. I have prepared 
a statement here which I would like to submit, as to the beds available 
in different hospitals and sanatoriums. 
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State sanatoriums for tuberculosis offering beds at a per diem to the United States Public Health 


Service 
AVAILABLE AVAILABLE 
STATE NUMBER BEDS STATE NUMBER BEDS 
OFFERED OFFERED 

New Hampshire......... 1 10 Connecticut ............ + 76 
Rhodé taland 2 75 1 50 
Pennsylvania............ 25 1 
Delaware. 1 South Dakota.......... 1 20 
2 60 1 40 
West Virginia........... 2 (1) 
(2) New Mexico............ (4) 
North Carolina.......... 1 40 ones (?) 
Mississippi.............. 1 . (2) 
Indiana 1 15 


1No state sanatorium. 


Compiled from the list of contracts on file as of January 31, 1920, at the Bureau United 
States Public Health Service. 


Mr. SmitH. Doctor, you said that during the summer season tents 
would be a better place to keep them in than having them in the building. 
Dr. BALDWIN. Only those who are practically beyond the stage of 
They are convalescents, they are trusties, so to 
speak. They are men who no longer require particular supervision. 
Mr. SmitH. What proportion of these that you mentioned as tuber- 
culosis patients do they compose? 
Dr. BALDWIN. I think a very small proportion. 
Mr. SmitH. So there would not be very many that would not need 


requiring treatment. 


open-air treatment? 


Dr. BALDwIn. No, sir. 


be to build permanent structures for the entire number, and by having 


The main policy, in my judgment, should 
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these shacks or little cottages, or, rather, open-air shelters for sleeping 
out in the summer months, your facilities can be enlarged without any 
expense practically, and you can give a certain amount, of gratification 
to the men which would keep them there longer. 

Mr. SmitH. Well, the actual practice of every one having tubercu- 
losis up in our vicinity is that they get down in the South or Southwest 
as fast as they can, and a great many of them are cured in that way; 
but you stated, of course, that it can be cured any place in the country. 

Dr. BALpwin. I believe that in a big scheme of this sort you could 
not anticipate removing your entire tuberculosis beneficiaries to any one 
State of the Union without great difficulty. 

Mr. SmitH. In a way there would be no benefit— 

Dr. BALDWIN. The ultimate effect, in my opinion, would be disas- 
trous. I think the desirable thing to do, in regard to locating these 
institutions, is to have them near the ultimate home of these patients, 
and the men who have homes will be presumed to prefer to go back to 
their homes if they are cured, and yet there will be a large number 
who, in all probability, will seek a better climate, better surroundings, 
but the occupation will have a great deal to do with that. The unfor- 
tunate thing about the migration to the Southwest and places of that 
kind is that it is constituted, to a large extent—and I feel that I am 
quite correct, but Maj. Smith may correct me—it is constituted, to a 
large extent, of people who have no real open-air occupation and could 
not maintain themselves in a place without industrial conditions, indus- 
trial conditions which at the present time do not exist in those States, 
that you see in the large industrial cities of the East, where you have 
the tuberculosis development; and these people know how to do certain 
things, and they do not know how to adjust themselves to any new 
occupation, and when they go to the Southwest they can remain as long 
as their money lasts, but when it is gone they can not find anything to. 
do, and the result is there is a big problem out there all the time of the 
migratory tuberculosis patients. 

Mr. GrirFin. What is your opinion in regard to the installation of 
these hospital and sanatorium facilities; that is, as to their location on 
high ground or low ground, in mountain districts, or contiguous to the 
sea? 

Dr. Batpwin. I was just about to touch upon that point. It 
seemed to me that, as I stated yesterday, it has worked out in practice 
both in Europe, in England, and in this country, thus: far, that insti- 
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tutions that are located not very far from the centers of population, on 
as high ground as is consistent with accessibility to sewer and water 
facilities, and so on; and country surroundings, where those institutions 
are located within a trolley distance of a large city; they are economi- 
cally and practically more valuable to the community than in any other 
place. 

Massachusetts has developed practically the largest system of tuber- 
culosis control of any State in the Union. The distances are compara- 
tively short there. They have a State sanatorium in the center of the 
State. It is comparatively easy to reach it. But in other States, in 
some like New York State, the institution there is 360 miles from New 
York City, and it is quite an expensive thing to send patients from 
New York City up there. Not only that, but if the patient happens 
to be ill and his family wishes to visit him, it is another big drain. These 
considerations are quite as important as the mere matter of climate, 
when you come to the practical year after year working out of your 
problem. 

Mr. GrirFin. Is there anything essentially harmful in placing a 
man so afflicted near the sea or near sea air? 

Dr. BALDWIN. Not especially. One of the best sanatoria in Norway 
is located over the sea. It is 1,200 feet above the sea, looking. right 
down on the North Sea. 

Mr. GrirFin. As a matter of fact, is not the consensus of opinion 
among medical men that the chief consideration is fresh air? 

Dr. BALpwin. Fresh air and management and the education of the 
patient. Do not misunderstand me. Of course, a bad day like this is 
not a desirable one upon which to sit out and enjoy a salubrious air in 
Washington. 

Mr. GrirFIn. But still you would get fresh air? 

Dr. BAtpwin. You would get the results. It is not as desirable as 
to see the sun shine and to walk around in the dry air, but while a man 
is under treatment it matters very little as far as his immediate sur- 
roundings are concerned as to the weather. 

Mr. GrirFiIn. Then, in your opinion, sunshine is also an element? 

Dr. BALtpwin. It is an element of value, but not of such great value 
as has been estimated in some instances. I mean by that that if it 
were true that sunshine were essential to the recovery from tuberculosis, 
in the climate of Finland, for example, in the winter, where they have a 
sanatorium, the average sunshine there in the winter is two hours a day. 
You know, it is in an almost Arctic latitude. 
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Mr. GrirFIn. Yes; it is right within the Arctic Circle. 

Dr. BAtpwin. Yes, sir; and it has been found in actual practice 
that they get better results in the winter in this sanatorium in Finland 
with the steady cold air and the absence of sunshine most of the time, 
because of the Arctic night over there—they get better results in recov- 
eries during the eight months of the cold weather than they do in the 
four hot months, when they have sunshine all the time. 

Mr. GrirFIn. That is due, perhaps, to the fact that they get more 
rest in that part of the year. 

Dr. BAtpwin. In many ways the reason is that nutrition is better 
in the colder weather, and nutrition is the basis of the improvement. 
They eat more, assimilate food better, and they make their recoveries 
more rapid. That is being found so in Switzerland and in the Northern 
a of this country, such as Minnesota. 


as your as the preference, if any, between mountain 
resorts and seashore resorts or low ground or high ground. 

i Dr. Batpwin. I think there is no question but what the interior, 
back from the sea, is preferable. 


Mr. GriFFIN. You think it is? 

Dr. BAatpwin. Yes; to get away from the winds and clouds of the 
seacoast is desirable, but it is not so essential as was once thought. 
Most of you gentlemen know the former evil reputation of the Atlantic 
seaboard for tuberculosis. Those were days when bad climate and bad 
weather was thought to be the cause of tuberculosis. Now tuberculosis 
in England has diminished. The English climate is moist; they have 
very damp winters, rain practically all the winter. 

Mr. MANSFIELD. And heavy, dense fogs. 

Dr. Batpwin. They have very foggy winters. Tuberculosis has 
diminished 50 per cent there in the last 60 or 70 years. 

Mr. GrirFIn. I am very glad to have a verification of that opinion, 
Doctor, because I find the opinion prevails that it is desirable to estab- 
lish institutions and sanatoria of this character somewhere inland and 
on high ground. 

Dr. BALpwin. Preferably; yes. 

Mr. GrirFin. There is a prejudice against having them near the sea. 

Dr. Batpwin. Well, I think it has justification up to a certain 
degree, but I do not feel that we should be influenced too much by the 
prevailing prejudice. The actual conditions of administration of these 
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institutions will have to govern a great deal in the matter of location, 
if I am not mistaken. A country place 10 miles from the nearest rail- 
road, for example, might be a beautiful site, but if you put one of these 
institutions 10 miles out away from the trolley track or away from the 
railroad station, the men would not stay there; and perhaps there are 
other things. 

Mr. GrirFin. You could not get your doctors or nurses to go there? 

Dr. BALDwin. As.a matter of experience, they are not able to do it 
to-day in these county institutions. 

Mr. GriFFIn. It is difficult to get your help? 

Dr. Batpwin. The help will not stay. The quality of the help is 
very poor if it is in isolated places. On the other hand, the mere matter 
of the popular idea about the importance of sea air in aggravating tuber- 
culosis is one that is very difficult to overcome, but fortunately experi- 
ence has been had sufficient in this country thus far with all kinds of 
climates, and, as I just mentioned, in England, Scotland, and Ireland, 
which are also very damp and have maritime climates, right on the sea, 
we have experience enough now to answer those objections, and we can 
show we can cure tuberculosis anywhere. 

For instance, if a man wants to learn telegraphy or wireless operating, 
and says he would like to go to Arizona to learn it, you can say to a 
man like that, “The wireless instruction place is 10 miles back from 
the sea, and we can not send you to Arizona.” He would say, “I can 
not get well there.” You could answer that statement and say, ‘Why 
can you not get well there? The doctors say you are a suitable case 
for this place,” and the doctors will have discretion in special instances. 
There are certain types of cases that are better for certain climates, and 
they will doubtless have preference. The physician’s advice will govern 
in that case perhaps as to where a man shall be treated, but as a prin- 
ciple the institutions, in my judgment, should be located at convenient 
distances from the large centers, where the vocational training can be 
carried out successfully in a perfectly proper way, where your personnel 
and your help will have access to a large center, and where you can run 
these institutions with some success. 

Putting an institution in a desert, where the climate might be beau- 
tiful in a certain part of the year, is not necessarily a wise move. The 
popular idea of the average doctor is that the sanatorium should be 
placed in the middle of New Mexico somewhere. As I understand, 
Deming, N. Mex., has a camp which they have offered to the Public 
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Health Service. Granting that might be all right for the winter, Col. 
Bushnell, who is head of the tuberculosis department of the Army, now 
admits himself, and I have been told by Public Health Service officials, 
that Camp Cody was absolutely unsuited for a tuberculosis sanatorium. 
The main, first reason is that it is too hot there in the summer, and the 
wind and dust there is very violent. Those are the principal objections; 
even if they were not enough, those barracks will never house sick men 
properly. They will do very well for a winter vacation, possibly, for a 
certain class of men, but when you come to make a plan for 25 or 30 
years, you will have for this problem, a wise and statesmanlike plan, or 
a logical, scientific plan. Those things are mere makeshifts, likewise the 
tent colonies, likewise the open-air shacks. 

Some of the States and counties have adopted that plan, and have 
become disgusted with it. New York City advocated a county hos- 
pital plan. They have already informed me recently that they have 
abandoned the idea of county hospitals, because they cannot get per- 
sonnel in the small places; they cannot get the doctors, nor the nurses, 
nor the help to stay there, and the patients will not go there unless there 
is a good organization to go to. 

Mr. GrirFin. A man afflicted with tuberculosis, even in the incipient 
days, is in no shape to become a pioneer? 

Dr. BALDWIN. That is the point. He may ago away and get away 
with it. He may go fishing and hunting, and may be a well man, but 
the chances are that he will get a hemorrhage, pleurisy, or pneumonia, 
and come back a dead one. ; 

Mr. Criark. I would like to ask one question of the doctor. Do 
you want the committee to understand, from your last remarks, that 
you advocate the establishment of these institutions only near large 
cities? 

Dr. BALpwin. No; I think there are places that are accessible to 
small places, to small communities, railway centers, not large cities— 

Mr. Grirrin. I understood the doctor to say that you fayored 
establishing them contiguous to centers of human industry or life, 
whether large or small. I did not take it that the doctor meant con- 
tiguous to large cities. 

Mr. Criark. I think he made that clear in the record. I do not 
think you meant to say that. 

Mr. GriFFIn. Contiguous to a small city would work just as well, 
would it not? 
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Dr. BALDWIN. Yes, and that is what I intended to convey. 

Mr. GrirFIn. I am anxious for the doctor to set that right on the 
record, because, coming from a large city, my colleagues would think 
that I was looking after the interests of the large cities. 

Dr. Batpwin. I think, as a matter of administrative policy and the 
success of vocational training, that the larger number of patients would 
be in the large centers, and that the administrative management of 
these institutions will be more successful in proportion to their near- 
ness to large centers. The opportunities for vocational training, and 
also the opportunities for employment after they have been discharged 
from the institutions will be near at hand. 

There is one point, however, that, Mr. Chairman, I did not go into, 
and that is the after care of these men, and that leads me to say that 
the discharged man, who has an arrested case, constitutes another very 
serious problem, entirely independent of the sanatorium and hospital, 
etc. Proximity to a center, a large or small city, is an important thing, 
because in the cities the Public Health Service contemplates maintain- 
ing a staff of men to follow the man who has been under treatment in 
their hospital. A follow-up social worker, or a physician, or a nurse 
will keep track of a man after he is dismissed and see that he is not 
falling back; that he is not retrograding from his good condition. . 

Furthermore, in that center where the dispensary or station or con- 
sulting physician will be situated, this man will be in touch constant’y 
from year to year, and month to month, possibly at first with the doc- 
tor, or with the welfare worker, or with the dispensary, and he will 
assure his recovery, where otherwise if he is lost to the service, lost 
to the Public Health Service, he by and by relapses and then is read- 
mitted as an advanced case. 

Now, as I said, the salvage of the tuberculosis wreckage in this coun- 
try has never been undertaken intelligently, adequately, nor has there 
ever been any serious effort to find occupations for the men after they 
have been discharged;—no kind of effort. And employment for the 
tuberculous will be a very important part of this scheme, as I said, in 
my opinion. As I said, England is contemplating establishing colonies 
with industries near the sanatorium, whereby a man who is under treat- 
ment will get the idea that he is a live man, and if he will learn that 
particular trade or industry he can be graduated into it and get a good 
paying job. 

Those are all important in connection with the establishment of 
these institutions near some center—I do not say a large city. 
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Mr. SmiTH. In that connection, I understand from your testimony 
that you are favorable to a large hospital where they can be confined 
in one building largely, rather than in separate cottages or in a colony. 
Which would you say would be the best for the treatment of patients, 
the large building where they would all have wards and be in one build- 
ing and be treated, or that they should have cottages and be treated 
separately? 

Dr. Batpwin. I think the various features of the construction 
should be combined in the same institution. 

Mr. SmitH. It should be one institution, you think? 

Dr. Batpwin. One institution—that is, a large infirmary suff- 
ciently large to take care of every man if he was sick in bed. 

Mr. SmitH. Under one roof? 

Dr. Batpwin. Under one roof, perhaps, or at least pavilions or 
separate buildings for the intermediate man who is not confined to 
bed, but who can be up and about, and who would have a different kind 
of place to live in and sleep in than the man who is in the infirmary; 
and third, as I said, possibly not to a large extent, but in summer months 
particularly, this temporary construction of tents or shacks for sleeping- 
out purposes chiefly. 

Mr. SmirH. Were you ever in the Walter Reed Hospital here? 

Dr. BALpwin. Yes, sir. — 

Mr. SmitH. In case that it is available—of course it is not available 
now—but in case it would be, for comparison, as a specific case, would 
you say that would be a hospital that could be converted into a sana- 
torium? 

Dr. BALpwin. I would hardly consider that to be a good foundation 
for a sanatorium. It would, however, be absolutely suitable for an 
infirmary. 

Mr. SmirH. The construction of the buildings? 

Dr. BALpwin. Oh, yes. I think whether the buildings are made 
of stone, or brick, or concrete, is a matter of study by the architects, 
with a view to economy, but at least make them permanent and attrac- 
tive. 

Mr. SmirH. But not necessarily expensive? 

Dr. BALDwin. No. 

Mr. GrirFin. On this dispensary feature two sections of the bill are 
taken up with various authority to the Secretary of the Treasury to 
provide necessary out-patient dispensary care and treatment, and 
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out-patient dispensary facilities for the beneficiaries of the Public 
Health Service. The point I want to get at is this, that in most of the 
large cities there are many hospitals which have dispensary facilities, 
and those dispensary facilities are absolutely free. Anyone may go 
and be examined and treated. Now, do you consider that it would be 
necessary to have anything in the way of dispensary facilities in the 
large cities where those facilities already exist? 

Dr. BALDwin. In connection with tuberculosis, of course, you are 
speaking of now? This covers all the other diseases as well. 

Mr. GriFFIn. Yes; this covers all the diseases. 

Dr. BAatpwin. I think in the large cities most of the tuberculosis 
dispensaries to-day that I have any knowledge of are not places that 
the average service man will go to. 

Mr. GrirFIN. No; they are not tuberculosis dispensaries. I do not 
know of any institution in New York City— 

Dr. Batpwin. Yes, they have numerous— 

Mr. GrirFin. That is what they call a tuberculosis dispensary? 

Dr. BALDWIN. Yes; there are a number of them there. 

Mr. GrirFin. They have a dispensary in connection with the hos- 
pital, to which persons may go and be examined, and if tuberculosis is 
the diagnosis then they are sent to a suitable institution to be treated? 

Dr. BALDWIN. Yes. 

Mr. GRIFFIN. But any man, whatever his ailment, may go to any 
one of these dispensaries? 

Dr. BALDWIN. Yes. 

Mr. GrirFin. And in a mild case may be treated. I know that in 
the Bellevue Hospital in New York City they have a dispensary, and 
they treat from day to day many persons in the incipient stages of 
tuberculosis, and furnish them with the medicine, and Fordham Hos- 
pital in the Bronx and other hospitals in the Bronx also have the dis- 
pensary feature. 

Dr. BALDWIN. They have very good dispensaries in some cities. 
Take for example, in Pittsburgh. 

Mr. Griffin. And in Philadelphia? 

Dr. Batpwin. And in Philadelphia and Chicago. In the Phipps 
Institute in Philadelphia they have a dispensary, but for a class of 
patients who are absolutely without means and also the service man 
who is entitled to governmental care. You could, of course, make 
arrangements with certain desirable dispensaries to have a man exam- 
ine and passed upon if there was no Public Health Service man there. 
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Mr. GrirFin. Doctor, pardon me. Let us get this right now, Mr. 
Chairman. I do not think we ought to busy ourselves with devising 
schemes of spending money where the expenditure of the money is 
not absolutely necessary. Now, take the soldiers of the National 
Army who have been demobilized and sent to their respective homes. 
They have never ceased to be citizens of their respective cities, counties, 
or States, and the city, county, and State owe them a duty, and they 
do not owe them any less duty because they have in the interim of a 
certain absence from the State served their country and come home 
with certain disabilities. I do not think it is the intention of the cities 
or counties or States to cut off these men from the opportunity to obtain 
the advantages and facilities of these hospitals. Those local units have 
no such idea of cutting off these men, and they are making a stand on 
ceremony to preclude them from receiving treatment, and why should 
our Federal Government undertake to take something off their hands 
which they do not want taken off their hands? 

Dr. Batpwin. I think that the gentleman is much better able to 
discuss that point than I am, but I will say this, as I understand it 
from the conversations that we have had, that in the large cities, at 
least, and the large cities are the only places where these tuberculosis 
dispensaries exist, the Public Health Service has machinery in existence, 
consulting physicians already in their service to whom these men should 
properly go. 

Mr. GriFFIn. But if they do not go to them there should be no 
prohibition against them going to the hospitals with which they are 
familiar? 

Dr. BALtpwin. Not the slightest, and they are doing that to-day, I 
am sure, all the time. 

Mr. GrirFin. Take the Bellevue Hospital in New York City. It 
is in the center there of a radius that contains 500,000 people, and they 
all patronize it—within practically walking distance of it. 

Dr. Batpwin. I think that these gentlemen can answer this ques- 
tion about the dispensary program a little better than I can but I would 
say that I see no objection to a man getting his diagnosis from a tuber- 
culosis dispensary operated by the municipality or by a private concern. 

Mr. Grirrin. There is no disposition upon the part of the cities to 
waive any responsibility in the matter, and there is no immediate neces- 
sity for the Government now to make an outlay for dispensaries. 

Dr. Batpwin. I feel that whatever is done a man should not be 
lost sight of after he leaves the sanatorium, 
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Mr. GrirFin. In other words, the thing that is most vital, Doctor, 
at this time is to provide places for these men keenly and deeply infected 
or debilitated? 

Dr. BALpwin. In my opinion, the important thing is to find the 
men before they get sick and incurable, and they are getting incurable 
every day for lack of proper care. They do not go sufficiently early to 
these free dispensaries, as a rule; they go to some doctor, and he may 
forget, or not discover the disease. They are entitled to a skilled tuber- 
culosis examination such as they give at the Walter Reed Hospital here. 

Mr. GrirFIn. Were they not all examined before they were dis- 
charged? 

Dr. BALDwin. But they have developed the disease fresh since. 
They are developing it every day, new cases. 

Mr. GrirFin. You do not know how many cases of that kind there 
are, Doctor? 

Dr. BAtpwin. I have these records here. 

Mr. GrirFin. Or does anybody know? 

Dr. BALpwin. Nobody knows, but the point is that there are men 
walking the streets to-day who have tuberculosis developing right now. 
They are developing it as a consequence of the recent influenza epi- 
demic, the one that occurred a year ago. They were discharged. from 
the Army well, but they have become ill since, and they have drifted 
along six months or a year without a diagnosis. In my judgment, it is 
the duty of the Government to find that man before he is a wreck, and 
the only way we can find him is to give him the facilities and make him 
understand where he can get those facilities, whether it be through a 
private dispensary or a municipal dispensary, or the Public Health 
Service dispensary, establish some machinery by which that man can be 
caught early and saved before he gets into the chronic stage of tuber- 
culosis. 

Mr. GrirFin. But, Doctor, in those cases, they cannot claim that 
the disability is due to their service. 

Dr. BALpwin. On the other hand, it has been reiterated that the 
benefit of the doubt will always be given the man. 

Mr. GrirFIN. Men who happened to catch the “‘flu” this last year, 
after the war was over, and then developed tuberculosis since, might 
just as well have developed it if they had been engaged in any other 
occupation, and had never served their country at all. I do not want 
it understood that I am opposed to giving them all the consideration in 
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the world, but what I want to emphasize is this: We ought not to spread 
out too much, or get too ramifying in and out, but we ought to look 
after the most urgent needs first, and the most urgent thing now, it 
seems to me, is to care for those who are absolutely in need of attention. 

Dr. BALpwin. That evidently is the first duty. On the other hand, 
there is no disease except insanity, as the gentleman showed yesterday, 
where an early diagnosis is so important as in the case of tuberculosis. 
Are you not going to save many millions of dollars by getting a diag- 
nosis early? Is it not a scientifically sound proposition to find the 
disease early? 

Mr. GriFFIN. Doctor, I am not arguing with you on that. I do 
not a take a contrary view as to the importance of that, not at all. I 
am not averse to doing that, but I do not think we ought to emphasize 
the dispensary feature at this time. 

Dr. BAtpwin. I think these gentlemen here can speak on that 
much better than I can. 


APICAL COLLAPSE IN THERAPEUTIC PNEUMOTHORAX 


HERBERT F. GAMMONS 
Dallas, Texas 


This case is especially interesting on account of its rarity and also 
because of the results following partial collapse of the lung. Further- 
more it shows what results can be obtained in bilateral pulmonary 
tuberculosis when a patient is in a critical condition. 


Mrs. M. J. M., sixty years old, entered the sanatorium June 13, 1919. 
Previous history unimportant. In September, 1918, patient had. epidemic 
influenza and began to cough. Symptoms increased in severity and on 
entrance patient was running a temperature ranging between 100° and 
104.6° F. Cough was very severe and sputum large in amount, of a puru- 
lent nature and positive. 

Physical examination showed a scattered inflammatory condition in the 
right lung with an ulcerative and apparently rapidly advancing condition 
in the left. 


Pneumothorax was recommended and on June 24 the initial instilla- 
tion of 500 cc. was given in the left pleural cavity. This treatment 
was repeated every few days and then every week until the present time. 
Physical examination before and after treatment always showed an ad- 
hesion at the left base in the axillary line with large air space at the top 
(fig. 1). 

At present the patient is running a normal temperature and pulse, 
has no expectoration or cough and has gained twenty pounds in weight. 

Following the last few injections there has been a slight increase in 
temperature and pain in the region of the adhesion in the left side. 
This temperature rapidly subsided and according to the X-ray plate we 
have compression of the lung at the apex. 
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EDITORIAL 


THE PLACE OF THE SANATORIUM IN THE STUDY OF 
TUBERCULOSIS 


Those who have been in sanatorium work for the last two decades 
have seen kaleidoscopic changes. Twenty to twenty-five years ago the 
sanatorium was the only agency for combating tuberculosis. At that 
time it was considered necessary only to provide a sanatorium bed for 
every early: case in order to stem and eventually to eradicate the disease. 
The spitting ordinances were not enforced, the National Tuberculosis 
Association had not been formed and its work of propaganda had not 
awakened interest throughout the land. A few years later a prominent 
worker prophesied that in fifteen years tuberculosis would be conquered 
and would be in the position that smallpox has long occupied. Perma- 
nent sanatorium construction was then condemned. 

As time passed by, inquiries were made in regard to the results ac- 
complished by various tuberculosis agencies, and especially by the 
sanatorium, as it was the oldest. “Is the sanatorium worth while?” 
was a frequent topic, for it was seen that, from more extensive investi- 
gation, it would never be possible, if indeed desirable, to house all patients 
with pulmonary tuberculosis in sanatoria in contradistinction to hospitals. 
Then again studies were made of patients of limited means who on their 
return from the sanatorium were forced to resume work under more or 
less favorable conditions. Some retained health or at least working 
ability, while others quickly relapsed and again sought relief for them- 
selves and their families. Sanatorium statistics accumulated; and pul- 
monary tuberculosis was found to be eventually a very fatal disease; 
for after twenty years 82 per cent of the patients treated were dead and 
90 to 95 per cent of these had died from pulmonary tuberculosis. This 
again brought the value of the sanatorium into the balance and seemed 
to indicate rather forcibly that either the sanatorium was not conducted 
properly, or needed other agencies to carry on the work of restoration 
it had begun. 

The limitations of the sanatorium are recognized to-day by workers 
in tuberculosis more clearly than the possibilities and the opportunities 
for advancing the tuberculosis cause that the sanatorium possesses. 
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It is a curious fact that many tuberculosis workers have great difficulty 
in grasping the idea that pulmonary tuberculosis is a chronic disease 
which temporarily responds rather readily, in many instances, to more 
or less efficient treatment. Patients also cannot grasp this phase of 
the disease. For these reasons it has become apparent to many workers 
that the teaching side of these institutions must be better developed. 
Encouraging success has been met with along these lines and to-day few 
institutions fail to give their patients “educational” courses in pulmonary 
tuberculosis. 

It is a psychological truth that no one knows a subject until he has 
tried to teach it. It is also interesting that patients with pulmonary 
tuberculosis are often eager to be used as subjects for teaching. They 
like to see the beginner in physical exploration show signs of perplexity, 
and some even venture suggestions as to how they should be examined. 
In developing percussion Auenbrugger worked on many patients with 
pulmonary tuberculosis and Laennec chiefly used such patients in work- 
ing out his masterpiece on auscultation. Good material for teaching 
is therefore always at hand in the sanatorium. 

Many institutions may wonder where they can get students. “Who,” 
the superintendent says, “would care to come to study with me?” The 
question may be aptly put, and the answer lies in the way the institution 
is conducted. 

Many states have passed laws which compel the erection of one or 
more sanatoria. ‘To-day there are millions of dollars invested in these 
institutions all over the country, and the sanatorium physicians will 
some day be called to account for the stewardship of these vast sums. 
Their first duty, without question, is the proper care and education of 
the individual patient, but unfortunately many seem to think that their 
duty ends there. Even so, this routine work can be so individualized, 
so carefully performed, so perfected, that any person who wishes to 
study pulmonary tuberculosis can gain much knowledge in assisting to 
carry it on. The sanatorium to-day owes a debt to many patients who 
perchance can never by any possible means gain admission to its beds. 
To reach these one of the duties of all sanatoria should be to set apart 
one or two rooms when the occasion requires for third or fourth year 
medical students, or for physicians, who wish to study or to brush up 
their knowledge of pulmonary tuberculosis. The training of such 
workers, to act as leaven to raise the standards among the body medical, 
is an ideal that all sanatoria should strive for, and most can attain. 
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The “Edinburgh tradition,” which was introduced into Canada about 
the middle of the last century, and carried by Osler to Baltimore, brought 
the medical students into the wards to take the case histories and to 
study the patients. The results of this system have been the production 
of better records and more careful work. Overworked internes were 
relieved of much routine, and opportunity was afforded for investigation 
and original research. The younger men introduced much enthusiasm 
into work which for others proved at times a drag. This system is to- 
day gaining ground throughout the Anglo-Saxon world. 

Sanatorium authorities often fail to realize the deadly monotony of 
life in these institutions. They frequently understaff the sanatorium, 
and expect the medical man in charge to do much executive work. 
Routine medical work, which often demands all the time of the staff, 
can even then never be brought up to date. Such demands in time 
not only prevent reading or study; but all initiative is strangled, and the 
routine work is often rushed through in a sorry manner. Occasional 
voluntary workers, or one or two medical students are often keen to 
learn about tuberculosis, and much routine work can safely be turned 
over to them. In this way the “Edinburgh tradition” can be made of 
great value to the sanatorium, the medical knowledge of tuberculosis 
disseminated, the immediate patients helped, and many future sufferers 
from pulmonary tuberculosis, through early diagnosis and proper treat- 
ment, restored to years of useful labor. 

It is a no less curious fact that routine work is always better done 
when the staff of an institution keep their heads so far above water that 
they can see the horizon, that the perspective and proper relation of 
work can be clearly visualized. No man can work all day without let 
up and then read every evening. For a time this may be possible, and 
the interne in a great hospital may but rarely does accomplish it. The 
American Sanatorium Association took cognizance of this fact several 
years ago, and appointed two committees to draft the minimal require- 
ments in the routine clinical and laboratory work. The object of these 
reports was to define clearly what at that time seemed to be essential. 
It was hoped that by insisting only on the essentials in institutions, which 
to say the least were not overstaffed, the residents could find time for 
work and study and investigation. 

Tuberculosis problems are far from being exhausted. Etiology has 
long been considered as fairly well settled but only a little study, a little 
questioning, will reveal many gaps that need to be filled up. The very 
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fundamentals upon which the treatment of pulmonary tuberculosis is 
based to-day, rest, abundant food and large doses of fresh air, could 
wisely be investigated, and might yet lead to a modification of many of 
our methods of treatment. 

It must always be borne in mind that the majority of sanatorium 
workers in this country are not healthy men and cannot be expected to 
do the work of well men. They need more assistance. On the other 
hand it must also be remembered that the reputation of the sanatorium 
workers rests upon these men. With the exception of some dispensary 
physicians, who are usually only part time men, and a few workers in 
one or two tuberculosis institutes, the sanatorium physicians compose 
the greater mass of all the tuberculosis workers, and upon them depends 
the tone and quality of the tuberculosis work that will be done in the 
next decade. 

The time has come when dozens of sanatoriums throughout the country 
have passed beyond the stage of organization, beyond the period of trial. 
They have reached a level on which they do much good. What is to 
be the future of the sanatorium movement in America? It cannot 
remain stationary. We cannot see it go back. We must plan for its 
advance along sound lines, along lines that will mean the most to the 
people. To some of us it becomes more and more clear that the real 
study of tuberculosis must be undertaken in the sanatoria. Their 
workers must fit themselves for this work, and no method is so good as 
an attempt to teach tuberculosis; for teaching demands study and 
thought. Then will follow research and progress. The sanatorium 
will be worth while, and the medical profession and the people will give 
honor to whom honor is due. 

In conclusion let us recall that it is not the work accomplished that 
benefits the worker and the cause, but the work attempted. To attempt 


and to fail is no disgrace. To fail to attempt cannot be condoned... 
L. B. 


THE UPPER AIR PASSAGES AS AN ENVIRONMENT 
FOR BACTERIAL GROWTH 


ARTHUR L. BLOOMFIELD 
From the Biological Division of the Medical Ciinic, Johns Hopkins University and Hospital 


In dealing with the study of infectious diseases, students have con- 
cerned themselves mainly with two phases of the problem, first, the 
demonstration of the association of certain organisms with a particular 
pathological process, and second, the elucidation of the mode of trans- 
port of the virus from one individual to another. Relatively little 
progress has been made, however, in solving the important question of 
just what circumstances make invasion possible when the infecting agent 
and the host have been brought together. Actual analysis and defini- 
tion of the exact conditions which enable the organisms to survive, mul- 
tiply, invade, and produce disease are usually avoided by falling back on 
such terms as the “virulence of the organism” and the “resistance of 
the host.” And yet a knowledge of these predisposing conditions seems 
essential to further advance in the understanding of infection. In the 
case of lobar pneumonia, for example, it seems quite clear that the 
pneumococcus is usually the disease producer. ‘The transmission of the 
organism directly or indirectly by means of the sputum from one person 
to another is also proved. But only an insignificant percentage of indi- 
viduals in contact with cases of lobar pneumonia themselves develop the 
disease (1). This “‘resistance” is certainly as a rule not due to failure 
to acquire the pneumococcus but to some combination of circumstances 
which operates to prevent the organisms from invading, or perhaps to 
the lack of some essential favoring condition. Pneumonia is of special 
interest in this connection because it is a relatively common disease and 
still one which requires special circumstances for its successful initiation. 
Infections with such an organism as the Friedlander bacillus illustrate 
the fact that bacteria, which so rarely produce disease as to be practically 
negligible in human pathology, still may occasionally set up a severe 
and fatal form of infection. Some very special set of favoring circum- 
stances is clearly required before this organism can become pathogenic. 
In measles on the other hand, if it may be assumed that the virus enters 
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by way of the respiratory tract, little or no opposition is offered to the 
production of disease in an individual who has not had a previous attack; 
invasion seems to be invariably followed by infection. It seems clear 
then that conditions vary with different organisms, but in almost every 
case some circumstances other than the mere presence of the virus seem 
to be necessary for the initiation of disease. In other words the essen- 
tial problem of the mechanism of infection is that of the exact fate of the 
organism after its arrival at the host rather than its means of transport 
from one individual to another, however important the latter may be. 

‘While the study of these questions is attended with difficulties which 
appear insoluble by the methods at present available, it has seemed that 
some general information as to the fate of bacteria in the upper air pas- 
sages might be obtained by actual inoculation and subsequent study of 
the disposal of the organisms introduced. During the past year a sys- 
tematic study along these lines has been carried out using various bac- 
teria,—sarcina lutea, staphylococcus albus, B. coli, B. influenzae, B. Fried- 
lander, and S. hemolyticus.1_ The present report is a summary of the 
work up to the present time and an outline of such conclusions as are 
suggested thereby. 

The method of procedure with the various bacteria was essentially the 
same. Large amounts of growth (usually a platinum loopful of solid 
growth) were smeared on the tongue, pharynx, nasal septum, and into 
the tonsil crypts of individuals free from unusual abnormalities of the 
upper air passages. Cultures were made from the various sites at fre- 
quent intervals and the disappearance of the bacteria observed in this 
way. ‘The general nature of the results is summarized in table 1. The 
striking fact which becomes apparent at once is that the various organ- 
isms all disappeared as a ‘rule’ within twenty-four hours. The occa- 
sional exceptions where the bacteria were still recovered after two to 
three days are of interest and their probable explanation will be taken 
up below. It should also be emphasized that in no case was any de- 
monstrable local lesion or general reaction set up. 

The unexpectedly rapid disappearance of the inoculated bacteria led 
us to seek some information about the mechanism which was responsible 
for their disposal. In a previous paper (2) the literature bearing on this 
subject was reviewed and the various possible factors were enumerated. 
It was pointed out that one must consider the flushing action of the 


1 The work with B. Friedlander and with S. hemolyticus is not yet completed 
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mouth and nasal secretions with the associated acts of swallowing and 
expectoration, chemical action such as the reaction of the saliva, and 
biological effects such as phagocytosis and the antagonistic effect of bac- 
teria already present in the mouth. The theoretical discussion pre- 
sented at that time can now be amplified by a more real evaluation of the 
importance of these various factors. The mechanical flushing action 
of the secretions seems undoubtedly the most important element 
in the disposal of bacteria introduced into the mouth and nose. The 
rapid disappearance of hardy organisms such as B. coli and B. Fried- 
lander, which survive for days in saliva in vitro, can hardly be explained in 
any otherway. Thedemonstration of the rapid removal (less than twenty- 
four hours) of inert particles such as kieselguhr when placed in the nose 
or on the tongue or in tonsil crypts supports this idea (3). Next in 
importance seems to be the fact that saliva in many instances is an unfa- 
vorable medium for bacterial growth. Influenza bacilli for example sus- 
pended in fresh saliva are no longer viable on artificial media after twenty- 
four hours (4). The exact nature of this unfavorable action is uncer- 
tain. It cannot be attributed to any specific quality of the saliva such as 
reaction (5) but must relate to the general composition of the medium. 
In other cases the secretions exercise a prompt and direct destructive 
effect on bacteria (sarcina lutea (2) ). The particular factors which 
seemed to be important in the disposal of the various organisms are sum- 
marized in table 1. In general then it may be said that the disappear- 
ance of the bacteria studied was due to the rapid flushing action of the 
secretions, together with a more or less unfavorable environment which 
offered no chance for colonization. The few instances in which organ- 
isms persisted for over a day are of interest in this connection. It 
seems probable that some anatomical protection such as a temporary 
pocketing in some crevice in the mucous membrane prevented their 
prompt removal. The absence of production of any carrier state after 
introduction of organisms into tonsil crypts also requires explanation, 
but this does not seem remarkable when one considers that tonsil car- 
riers usually follow inflammation of the glands and that the bacteria are 
located in the depths of the diseased crypts and not in superficial crevices 
alone. 

The experimental demonstration of the rapid disappearance of cer- 
tain bacteria introduced into the upper air passages raised the question 
of their significance when encountered naturally in healthy people. It 
seemed that a careful study, over a considerable period, of the bacteria 
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present in the mouth of a given individual might enable one to differ- 
entiate between such organisms as constitute a true mouth flora in the 
sense of being constantly present and those which, while occasionally 
present, disappear promptly and are to be regarded as transients rather 
than real inhabitants. A study of this question is now in progress and 
while not yet complete the following tentative conclusions may be drawn: 

1. There are certain bacteria which seem to constitute a true mouth 
flora in the sense that they live and multiply and are almost constantly 
present in most people and persist from day to day over considerable 
periods of time. Among them may be mentioned particularly a green 
streptococcus which grows in long chains, certain diphtheroids and vari- 
ous members of the Gram negative coccus group. The position of the 
influenza bacillus and the pneumococcus is not yet clear. 

2. Another group of organisms may be occasionally recovered from 
the mouth but as a rule these are present only for short periods of time. 
They seem to be bacteria which are essentially transients and fail to 
colonize or to survive on normal mucous membranes. In this group we 
have found staphylococcus albus, various pigment forming “‘air bac- 
teria,”” spore bearing “air bacteria,” and such potential pathogens as 
streptococcus hemolyticus, pneumococcus, and others. 

3. Occasional individuals are encountered who “carry” over consid- 
erable periods of time organisms which do not belong to the normal true 
mouth flora such as streptococcus hemolyticus, B. diphtheriae, meningo- 
coccus, B. Friedlander and others. This carrier state often follows a 
recognized infection and is associated with the persistence of bacteria in 
the infected tonsils or nasopharyngeal lymphoid tissue. 

These facts are in harmony with the results obtained from the ex- 
perimental inoculations described above. 


DISCUSSION 


Before discussing any possible general conclusions which may be 
drawn from these observations on the fate of bacteria introduced into 
the upper air passages, a serious drawback to the experimental method 
should be mentioned, namely that the strains employed had been sub- 
jected to one or more subcultures on artificial media. Whether or not 
such passage materially altered the invasive power of the organisms is un- 
certain, but it constitutes a weak point in an experiment designed to 
imitate natural conditions. However, the general trend of the results 
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was so uniform that some significance must be attached to them. The 
outstanding fact seems to be that the ‘‘normal” intact mucous mem- 
branes of the upper air passages are not only impervious to the attack of 
certain pathogenic bacteria, but that these organisms also fail to colon- 
ize on such surfaces. In other words conditions are analogous to those 
which obtain on the intact skin surfaces. Apparently the ground must 
be prepared in some way before these organisms can produce disease. 
The acute exanthemata such as scarlet fever and measles seem clearly 
to involve an alteration of the mucous membranes and perhaps of the 
body in general which allows such bacterial invasion. The familiar 
streptococcic complications of these diseases may be mentioned. Influ- 
enza similarly promotes secondary bacterial invasion, and poisoning 
with certain arsenical compounds associated with hyperaemia of the 
respiratory mucosa seems to operate in a similar way. Finally local 
irritation of the respiratory tract such as occurs in “gas” poisoning allows 
secondary bacterial invasion, and there are doubtless numerous other 
less obvious disturbances which bring about the same result. One 
might speculate further whether any of the recognized pathogens which 
invade through the respiratory tract, such as pneumococcus, meningococ- 
cus, and the tubercle bacillus, are capable of primarily creating their 
own portal of entry without -the codperation of some other factor. 
Much further detailed study is needed to elucidate these leads, but 
the general conclusion may be drawn that the upper air passages offer to 
organisms which are not members of the normal flora not a favorable but 
an extremely unfavorable environment, and that, unless a special set of 
circumstances favors them, they are speedily eliminated without produc- 


ing disease. 


CONCLUSIONS 


1. The free surfaces of the normal intact mucous membranes of ‘the 
upper air passages offer an unfavorable environment for the growth and 
colonization of certain organisms both of the pathogenic and non-patho- 
genic groups. 

2. Experimental inoculation indicates that these surfaces when intact 
are impervious to invasion by organisms which under other conditions 
may produce disease. 

3. Various bacteria inoculated upon these surfaces in large amounts 
are promptly disposed of mainly by mechanical means. 
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4, The question is raised if some preliminary “injury” is not essential 
to the initiation of diseases which clinically appear to be primary, such 
as pneumonia, meningitis, tuberculosis and others. 


REFERENCES 


(1) Srmtman, E. G.: J. Exp. Med., 1916, xxiv, 651. 

(2) Broomrmp, A. L.: Bull. Johns Hopkins Hosp., 1919, xxx, 317. 
(3) BLroomFreLp, A. L.: Ibid., 1920, xxxi, 14. 

(4) Broomrrezp, A. L.: Ibid., 1920, xxxi, (in press). 

(5) Broomriexp, A. L.: Ibid., 1920, xxxi, (in press). 


TWENTY-FOUR YEARS’ EXPERIENCE WITH THE 
SUBCUTANEOUS TUBERCULIN TEST 


LAWRASON BROWN anp FRED H. HEISE 


Trudeau Sanatorium, Trudeau, New York 


The subcutaneous tuberculin test has gradually fallen into disuse. 
The reasons for this are no doubt the dread of the danger of the occa- 
sional severe reactions, the introduction of the cutaneous, intracutaneous 
and ophthalmic tests, and of the X-ray, and the more widely dissemi- 
nated knowledge that a positive reaction may not mean tuberculous dis- 
ease in the organ under consideration. In spite of these facts, the sub- 
cutaneous tuberculin test has been used at the Trudeau Sanatorium, off 
and on, for the last twenty-five years. At one time, about seventeen or 
eighteen years ago, this test was given to all patients who after careful 
repeated examinations showed no tubercle bacilli in the sputum. Dur- 
ing this period one or two patients had a somewhat prolonged period of 
depression, with increase of symptoms, followinga rather severe reaction. 
On the other hand, many patients felt much better after a sharp reac- 
tion and some so well that they desired to take tuberculin treatment. 
One of the authors has had two or three severe reactions (104°) to tuber- 
culin, obtained from inhalation of the spray, and could verify that a 
feeling of well being followed the reactions. The introduction of skin 
and eye tests and the fact that following a reaction to a subcutaneous dose 
of tuberculin focal pulmonary reactions were unusual, and in a deep- 
seated focus not to be expected, cast doubt upon the value of the sub- 
cutaneous test. The danger from tuberculin lies in the fact that exten- 
sive pulmonary disease may yield few or no physical signs and yet re- 
spond very actively to tuberculin. This, however, rarely followed in 
our early work with the subcutaneous test, but, in any case, the X-ray 
study at once reveals to-day the presence of any deeply seated focus. 
Not only is this disclosed, but some hold that congestive changes about 
reacting foci can be detected and that we thus have an additional 
means of determining a focal pulmonary reaction. A cottony, hazy 
appearance about a previously sharply defined “dense” nodule during 
the reaction, which in several days disappears, does occur and can be 
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interpreted as a congestive process. It is well known that during a 
tuberculin reaction such conditions can occur. 

In all, 324 patients were subjected to the test and 282 reacted and 42 
failed to react. 

In a typical reaction, usually ten to eighteen hours after the injection, 
the patient begins to feel feverish, has slight elevation of temperature 
and has malaise. The symptoms are rapidly aggravated and the pa- 
tient is soon forced to go to bed, with pains in the head, back and legs. 
Oppression in the chest may occur and the tendency to cough and to 
expectorate increases. The temperature may rise to 103° and usually 
falls rather rapidly after eight to twelve hours by lysis. It may not 
rise over 100° and may persist for several days with rather severe symp- 
toms. The pulse may reach 120 or over, and the urine increase in amount 
with slight traces of albumen or a diazo reaction. The day following 
the reaction the patient is a little weak but soon feels as well as, if not 
better than, usual. After the larger doses of tuberculin, the reaction 
must be characteristic or show focal changes before it can be termed 
positive. 

The tuberculin used was Koch’s old tuberculin, designated as O. T. 

All cases received as an initial injection 3/1! and subsequently at 
intervals of three days, some of the following doses until reaction oc- 
curred: 3/2, 3/5, 2/1, 2/2, 2/3, 2/4, 2/5, 2/6, 2/7, 2/8, 1/1. If 1/1 
produced no reaction this dose was repeated and if there was still no re- 
action the case was designated as not reacting to the test. 

1. Percentage reacting in each group. For the reason that the usual 
procedure was to give only the following doses: 3/1, 2/1, 2/3, 2/5, 1/1, 
1/1, those cases reacting to doses between the above groups were classi- 
fied as reacting in the higher group. ‘Thus, those reacting to 3/2, 3/5 
and 2/1 were classified as reacting to 2/1 and those reacting to 2/2 and 
2/3 were grouped in the 2/3 group, etc. When classified thus, the fol- 
lowing number and per cent reacted: 


REACTING DOSE NUMBER OF CASES GIVEN THE DOSE PER CENT OF REACTIONS 


324 2 
318 41 
189 30 
133 51 

65 35 


13/2 = 0.0002 cc.; 2/1 = 0.001 cc.; 1/1 = 0.01 cc., etc. 


3/1 
3/2, 3/5, 2/1 
2/2243 
2/4, 2/5 
2/6, 2/7, 2/8, 1/1 
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In all, 282 cases reacted to the test but 14 were not examined during 
or immediately after the reaction. Of the remaining 268 cases which were 
examined for focal reaction, 199 or 74 per cent showed no focal reaction, 
as determined by physical signs. There were no rales present at any 
time in 68 (34 per cent) of these 199 cases. In 80 cases (40 per cent) 
rales were present before and after the test, and at the time of discharge, 
usually several months later. In 37 cases (19 per cent) rales were pres- 
ent before the test but disappeared before the time of discharge. And 
in 14 cases (7 per cent) rales not present before and during the test were 
present at discharge. In the vast majority of cases the rales were finé 
rales which occurred most often in the upper half of the lung. 

2. Physical signs increased during reaction. Physical signs were in- 
creased during the reaction in 48 (18 per cent) of the 258 cases examined. 
Of these, 6 cases (12.5 per cent) had no rales upon admission or upon dis- 
charge, but did have them during the reaction. So, also, in 6 (12.5 per 
cent) the rales, occurring during reaction, persisted until discharge. In 
5 cases (10 per cent) rales, present upon admission and increased during 
the reaction, were absent at discharge. And in 31 (65 per cent) the 
rales, present upon admission, were increased during the test and present 
upon discharge. 

3. Physical signs diminished during reaction. In 21 of the 268 cases, 
physical signs were diminished during the reaction (8 percent). Of these 
21 cases, 16 had rales on admission and also at discharge. The remain- 
ing 5 cases had rales on admission but not at discharge (24 per cent). 

4. Tubercle bacilli in spusum during and after test. Five cases had a 
history of tubercle bacilli being found in the sputum previous to admis- 
sion. The accuracy of these observations was questioned at Trudeau. 
Other cases had tubercle bacilli as follows: 
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Thus there were 18 cases (6 per cent) in which tubercle bacilli were 
found in the sputum while at the sanatorium. In only two instances 
were these found immediately after the test and one of these cases sup- 
posedly had bacilli present previous to admission. It may be correctly 
said that the incidence of occurrence of positive sputum in these test 
cases is not greater than the incidence of positive sputum occurring in 
similar cases which have had no tuberculin subcutaneously and a previ- 
ously consistently negative sputum. None of these cases failing to re- 
act to 1/1 had tubercle bacilli in their sputum while at the sanatorium. 
And in only one instance was there a history of tubercle bacilli being 
found previous to admission. Of the 18 cases having positive sputum 
at the sanatorium, 10 (56 per cent) occurred in the group showing no 
increase of physical signs during reaction. Five (27 per cent) showed 
increased and two (11 per cent) diminished physical signs during 
reaction, and one was not examined. 

5. Occurrence of hemoptysis. Of the 282 cases reacting to tuberculin, 
68 (24 per cent) had hemoptysis at some time. Of these 68 cases, 46 
(67 per cent) showed no change in physical signs during reaction, 11 
(16 per cent) an increase, and 7 (10 per cent) a diminution. Four cases 
were not examined. Of the 42 cases not reacting, 7 (17 per -_ had 
had hemoptysis at some time. 

6. Occurrence of pleurisy. Of the 282 cases reacting, 141 (50 per cent) 
had no history of pleurisy. Dry pleurisy occurred in 129 (46 per cent), 
while wet pleurisy occurred in only 10 cases (4 per cent). The occur- 
rence of pleurisy bore no relation to a focal reaction as determined by 
physical signs. Of the 42 cases not reacting to the test, 26 (61.5 per 
cent) had no pleurisy, 15 (38 per cent) had dry pleurisy, and 1 (0.5 
per cent) had pleurisy with effusion. Of the 144 cases with a history of 
dry pleurisy, 129 (89 per cent) reacted and of the 11 cases with wet 
pleurisy 10 (91 per cent) reacted. 

7. Focal reactions determined by X-ray. ‘There were 41 cases reacting 
constitutionally that had X-rays taken within 24 hours of the onset of 
the reaction. In this group there were: 


4 
Tumor 1 
Pleuris 1 
Negati 9 
Peribr 26 
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The case with tumor showed an extension of the lesion, whether be- 
cause of the tuberculin or not is problematical. The pleuritic case 
Showed no change. Seven of the negative cases showed no change, 
while two showed a questionable increase in the shadows. Of the 26 
peribronchial cases, 18 showed no change, 5 a questionable increase, 2 a 
definite increase, and one a questionable clearing of the shadows. Of the 
5 parenchymatous lesions, 4 showed no change and one a definite in- 
crease in the shadows. Thus, of all cases considered, only 3 showed a 
definite increase in shadows during the reaction. ‘Two of these were of 
the peribronchial and one of the parenchymatous type. 

8. Post-discharge history. The following table compares the post- 
discharge history of the cases in year groups, according to the number of 
years after discharge that information is obtainable: 


Post-discharge history 


AFTER 1 YEAR AFTER 2 YEARS AFTER 3 YEARS AFTER 5 YEARS 


29 9 


cases ?2 Care. 1 


?2 


Non-react- (2%) (7%) (8%) | (4%) (10%)| (S%) (12%)} (12%) 
ing cases Pneu. Pneu. Pneu. 


1,?1 


From the above, it is seen that the cases reacting to the test havea 


relapse incidence of 13 to 2 times the relapse incidence of those cases 
not reacting. However, the number of cases not reacting is too small 
from which to draw absolute conclusions. . 

9. Relation between focal reaction as determined by physical signs and 
X-ray findings. ‘There were 41 cases that had X-rays made during the 


reaction, of which 4 had no chest examination made at the time. 


Of the 


remaining 37 cases, 29 showed no change in physical signs during the 


reaction. Of these 29, 22 had no rales. 


Of the 22 cases having no 


rales and showing no change in physical signs during the reaction, the 


X-ray showed no change in 15 (68 per cent). 


In 2 (9 per cent) an in- 
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crease, in 4 (18 per cent) a questionable increase, and in 1 (6 per cent) 
a diminution of shadows was seen. 

Seven cases (5 with fine and 2 with moderately coarse rales) showed no 
change in physical signs during the reaction. Of these, the X-ray showed 
no change in 5 cases, a questionable increase in one case and an increase 
in one case. Two cases, both without rales upon admission, had ques- 
tionable fine rales during the reaction. One showed no change, and the 
other a questionable increase in shadows by X-ray during the reaction. 
One case developed moderately coarse rales at a base during the reaction. 
This case showed a questionable increase of shadows by X-ray. 

Three cases had a definite increase in rales during the reaction. All 
showed no change by X-ray. Two cases showed a diminution of rales 
during the reaction. Both showed no change by X-ray. 

Of the 41 cases having X-rays before and during the reaction, 30 
showed no change (73 per cent). Of the remaining 12, 7 showed a ques- 
tionable increase (17 per cent), 3 a definite increase (7 per anes and ia 
questionable clearing. 

There seemed to be no difference in the after history of those who did 
and did not show focal reaction by means of X-ray. But the numbers 
are too few to warrant a definite statement. 

10. Dangers of the test. When the cases are properly selected, the-evi- 
dence isoverwhelmingly in favor of no permanent harm being done, if the 
test is carried out carefully and the doses properly regulated and spaced. 
As a matter of fact, some cases seem to show improvement. 

11. Selection of cases. It is obvious that the tuberculin is of no value 
when a diagnosis can be made with certainty without the test. There- 
fore, when tubercle bacilli are present in the sputum, or when there is a 
definite and otherwise unexplainable hemoptysis, or when definite mod- 
erately coarse rales are present in the upper half of the chest, or when 
there is a history of an otherwise unexplainable pleurisy with effusion, 
and when any one of the above is accompanied by a definite parenchy- 
matous lesion as seen in the X-ray plate, somewhere in the upper half of 
the chest, the test should not be employed, as no further assistance can 
be given by it. 

However, when the X-ray fails to show a definite parenchymatous 
lesion somewhere in the upper half of the chest and tubercle bacilli 
‘cannot be demonstrated, the test can be used advantageously as an aid 
in differential diagnosis, for, when the test proves negative, recent 
pulmonary tuberculosis is in all probability not present. 


‘ 
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12. Value of the tuberculin test as regards diagnosis and treatment. 
Supposedly specific, the tuberculin test presupposes at least an infection 
with the tubercle bacillus when positive. However, it does not give any 
accurate information as to whether tuberculous disease is present or not: 
or, if present, the test does not give any definite knowledge regarding its 
activity. For this reason, therefore, a positive reaction must in itself 
mean nothing more than infection with the tubercle bacillus. However, 
when the reaction is accompanied by a definite focal pulmonary reaction 
as seen by the X-ray it must be supposed that the pulmonary infection 
at least is present. For this reason it is probably the wiser course to 
give the patient the benefit of sanatorium treatment, according to his 
symptomatic needs, for from three to six months in order that he might 
learn how to regulate his life properly and to avoid a future breakdown. 

The 3 cases showing a definite pulmonary focal reaction by X-ray had 
no increase of physical signs during the reaction. Of the five cases 
showing by X-ray a questionable focal pulmonary reaction, only one 
had increase of physical signs during the reaction. It may be said that 
73 per cent of the 41 cases having X-rays during the reaction showed no 
change by X-ray, and 78 per cent of 37 cases having both a chest 
examination and an X-ray during the reaction showed no change 
as determined by rales. So it can be truthfully stated that with 
a proper selection of cases the vast majority show no pulmonary change 
during the reaction. Of 267 cases examined during reaction, only 47 
(18 per cent) showed an increase of rales or the occurrence of rales dur- 
ing reaction, and 21 (8 per cent) showed a decrease in rales. 

When the test is negative, tuberculous infection is not proved cr dis- 
proved, and the after history of patients shows fewer relapses from tu- 
berculosis than if the test proves positive. So, also, in 42 cases not 
reacting, none were known to have died of pulmonary tuberculosis. 
In regard to two relapses, one occurred in an incipient case who had 
hemorrhages at the sanatorium and of whom no X-ray was made. This 
patient was alive eleven years after discharge. ‘The other relapse oc- 
curred in a case otherwise negative and was classified as relapsed owing 
to the fact that hemorrhages occurred during the first and fourth years 
after discharge. So, if 42 cases can be used as a standard for judgment, 
a negative reaction in selected cases is so infrequently followed by re- 
lapse as to be fairly negligible. For this reason it can also be stated 
that a negative reaction presupposes symptoms of activity due to causes 
other than pulmonary tuberculosis. 
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SUMMARY AND CONCLUSIONS 


1. These conclusions are based on a study of 324 patients subjected 
to the subcutaneous tuberculin test during a period of twenty-four years. 

2. Added knowledge has restricted the use of this test to patients with- 
out a definite parenchymatous X-ray pulmonary lesion, or in rare in- 
stances to those with an apparently healed parenchymatous pulmonary 
lesion, slight in extent. 

3. Forty-two patients failed to react to a second dose of 0.01 cc., O. T. 
(usually spoken of as 10 mg.). 

4. Patients who fail to react to this dose may be safely returned home 
and to work. 

5. The use of the subcutaneous tuberculin test has produced no last- 
ing untoward result and, given as advised, has only a very temporary 
effect upon the patient, which, however, is more usually favorable. 

6. In only 2 instances did tubercle bacilli occurin the sputum for the 
first time immediately after the test. 

7. Over 90 per cent of the 75 patients with a history of hemoptysis 
reacted to the tuberculin test. 

8. About 90 per cent of 144 patients with dry pleurisy, and 90 per 
cent of ten patients with wet pleurisy, reacted positively to the tuberculin 
test. 

9. Of 41 patients studied by X-ray, only 3 showed a positive increase 
of shadows. 

10. Of 268 patients, only 48 (18 per cent) showed an increase of 
rales during the reaction, and 21-(8 per cent) a decrease. 

11. The subcutaneous tuberculin test when positive proves tubercu- 
lous infection, but when accompanied by definite clinical changes, or 
more surely if by increase of X-ray changes (focal reaction), indicates that 
the lesion is more accessible to circulatory changes and presumably less 
firmly cicatrized (healed). 


‘ 


THE RELATIONSHIP OF INFLUENZA TO CLINICAL 
PULMONARY TUBERCULOSIS 


DEDUCTIONS FROM THE EPIDEMIC OF 1918-1919 


MARTIN F. SLOAN 


Eudowood Sanatorium, Towson, Maryland 


Impressed by the uniformity of histories associated with a similarity 
of clinical findings in an unusually large number of individuals coming 
to his attention in private, dispensary and sanatorium practice in Balti- 
more in the winter of 1918 and the spring of 1919, the writer was led to 
establish to his own satisfaction the influence of acute epidemic influenza 
on dormant and insidious tuberculosis. The particular study was not 
original, as the literature contains numerous observations of keen clini- 
cians in similar epidemics of the past century; neither were the final de- 
ductions unique. Dr. Benjamin Rush writing in Medical Inquiries and 
Observations about influenza in Philadelphia in the autumn of 1789 and 
the spring of 1790 says, “It proved fatal to persons who had been previ- 
ously debilitated by consumptive habits. It terminated in asthma in 
three cases coming under my notice and in pulmonary consumption in 
many more.” Rush based this unequivocal deduction on physical find- 
ings and histories alone, as diagnostic methods of finesse, such as bacilli 
in the sputum and X-ray plates, were then unknown. Dr. Daniel Drake 
in his Systematic Treatise of the Principal Diseases of the Interior Valley 
of North America, writing about the sequelae of influenza, mentioned 
the unusual number of cases of pulmonary phthisis that developed (1). 
Drake was an army surgeon and was giving his experience in an outpost 
in the Ohio Valley in 1818. Dr. E. R. Baldwin, in Osler’s Modern Medi- 
cine, writes, “Influenza must be classed as an important exciting cause, 
if not a true predisposition, of tuberculosis.” Dr.W.G. MacCallum in his 
Text Book on Pathology says, ‘‘an existing tuberculous infection is 
rendered worse and new tuberculosis may arise on the basis of the influ- 
enza.” 
The literature also testifies to the importance of epidemic influenza 
as an etiological factor in numerous other acute and chronic diseases of 
262 
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the lungs, as bronchopneumonia, fibrinous and serous pleurisy, empyema, 
lung abscess, chronic bronchitis, bronchial asthma, and bronchiectasis. 
Frothingham reports a case of double pneumothorax and another of 
suppurative pleurisy that came to his service at Camp Devens in 1918. 
Practically all these but the last two were encountered in this study, but 
neither the title of the paper nor the time will permit a discussion of the 
different ways, except one, in which influenza left its imprint in the chest, 
or of the relative frequency of its sequelae. 

The first point established in this study was the presence of active 
pulmonary tuberculosis. The usual diagnostic methods of physical and 
sputum examinations, and sometimes X-ray plates were employed. 

The real problem was the diagnosis of tuberculosis from the nontu- 
berculous sequelae, the most difficult of which were residual pneumonia 
and bronchiectasis respectively. As a matter of fact, a major impres- 
sion resulting from this investigation is that, in this connection, the 
tuberculous lesion is in most cases a graft upon a residual bronchopneu- 
monia. Digression at this point:is apropos. Students of tuberculosis 
generally agree that every individual who reaches the age of fifteen years 
has been infected by living tubercle bacilli, and that every adult human 
represents a victory of the species over the lower form of life. Thous- 
ands of infants and children die annually from one of the different forms 
of tuberculosis during an early attack of the microdrganism without the 
true nature of the cause ever being diagnosed. By reason of early ac- 
quired immunity, most of us are able to encapsulate infecting tubercle 
bacilli and to pass through the remaining ages of life without further 
inconvenience. The encapsulated bacilli remain dormant until such a 
time as the body resistance to their further encroachment be broken 
down. This is not entirely accomplished by the action of the bacilli 
per se, but by such extraneous factors as intemperance, poverty, physical 
exertion and acute devitalizing diseases. The evolution of a massive 
influenzal infection into an acute tuberculous pneumonia, lies in the 
province of the pathologist, and its description cannot be undertaken 
here. Krause (2) in his essay The Nature of Resistance to Tuberculosis 
describes the fixed tissue capsule of the tubercle as an early established 
mechanical barrier between the imbedded bacilli and the body. As 
long as the barrier remains competent and prevents the passage of the 
bacilli to the outside, or the body fluids to the inside, there is complete 
isolation and no clinical tuberculosis develops. Local congestion of the 
surrounding tissues, however, breaks the competency of the capsule, 
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permitting the establishment of a “circulatory give and take.” The 
adjacent tissues become seeded with virile bacilli and active tuberculosis 
may begin. In the local congestion of the pneumonia complicating in- 
fluenza, we would seem to have the necessary outside factor for estab- 
lishing Krause’s “circulatory give and take.” 

This being true, the physical signs of the pneumonia and resulting 
tuberculosis would differ only with the stages of development. A bron- 
chopneumonia that had not undergone evolution would not demonstrate 
the same degree of dulness, voice and breath sounds, and the showers 
of large moist rales which the same lesion would show later in the stage of 
ulceration. 

On physical examination the lesions that proved to be only residual 
pneumonias, clearing up after a period of observation, were unilateral, 
being located more often in a lower lobe and usually in the left lung. One 
which cleared completely in six months was located at a point correspond- 
. ing to the spine of the left scapula. Diffusely scattered rAles were heard 
in the opposite lung unaccompanied by a localized area of intense whis- 
pered voice and breath sounds. 

The lesions which subsequently proved to be tubercle were bilateral, 
more extensive and located at the roots of the lungs. The lesion in the 
right was usually the larger and although it frequently extended down- 


ward and outward toward the base, the apex as a rule was apparently 


clear. The signs of maximum intensity were in the upper interscapular 
area. The lesion in the left was usually smaller and the signs less pro- 
nounced. 

In spite of the definite findings of physical examination, however, the 
examiner was unwilling to make a definite diagnosis in several cases until 
after a period of observation and a series of sputum examinations. In 
regard to sputum examinations, the tubercle bacilli were frequently ab- 
sent in the early stage before softening began and their absence often 
confused what was considered at the time an accurate diagnosis. The 
late appearance of the bacilli was misleading, especially to general prac- 
titioners, and often resulted in a loss of time and consequent progress 
of the disease., 

The X-ray picture was interesting. A composite plate of the tubercu- 
lous lesions would show: In the right, an extensive homogeneous mass 
at the hilum with a pedunculated extension downward and outward to- 
ward the base and another toward the periphery. The margin of this 
mass was fuzzy or had the thickly studded appearance of a miliary 
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lesion. ‘There was a clearer area in the upper part of the mass with a 
more or less defined margin. The apex was clear or contained chronic 
tuberculous markings of no consequence. ‘The left would have a similar 
but smaller mass at the root. Calcified glands showed in both lungs. 
A composite plate of the pneumonia cases would show a less dense shadow 
with poorly defined borders dissociated with the root, at a point corre- 
sponding to the inferior angle of thescapula. Bronchial shadows extend- 
ing toward the base were well defined in both lungs. Features of both 
these composite plates were sometimes associated. 

The next point determined was the fact of influenza among those in 
whom active pulmonary tuberculosis was diagnosed. Many gave an 
indisputable history of epidemic disease. A number knew they had 
tuberculosis prior to the acute illness. Others gave a history of symp- 
toms which showed undoubtedly that they must have had active tubercu- 
losis prior to the acute influenza, while others denied emphatically any 
illness whatever that could have been construed as tuberculosis. Influ- 
enza was not given the benefit of having been present in any doubtful 
history. Unless the individual could give rather clearly a history of a 
definite attack of acute exhausting illness of the respiratory system occur- . 
‘ring in the period of the epidemic, influenza was not considered as a 
factor in his physical condition. Even a “‘bad cold” was regarded with 
askance and usually disregarded. 

As it was impossible, through a lack of facilities, to analyze the 500 
dispensary, sanatorium and office patients seen during the year following 
the appearance of the epidemic in September, 1918, the patients admitted 
to Eudowood Sanatorium are utilized to determine the conclusions of 
this investigation. Practically all these patients were seen by the writer 
prior to admission, and were admitted because of active tuberculosis, 
and without regard to, or knowledge of, the exciting etiological factor 
in most instances. 

Of the 188 bona fide cases of tuberculosis admitted, 53 or 28 per cent 
gave a history of having had influenza during the epidemic; 9 or 17 per 
cent of the 53 had known tuberculosis prior to influenza; 14 or 26 per 
cent gave a history strongly suspicious of a previous attack of tubercu- 
losis, but no diagnosis had been made; 30 or 56 per cent of the influenza 
cases or 16 per cent of the 188 denied any previous illness that could 
have been construed as tuberculosis. The average duration of the acute 
illness was three weeks and the average interim before diagnosis of tu- 
berculosis was made was four and a half months. The line of separation 
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of the acute illness and the onset of tuberculosis was not apparent in 
many instances, but in most cases there was a definite lull of symptoms 
before the redevelopment of sufficient illness to take the patient to a 
physician. The element of diagnostic error in these patients was re- 
duced by the presence of bacilli in the sputum of 39 of the 53 and by con- 
firmation of physical findings with the X-ray in 9 others, leaving 5 as 
a rather narrow margin for error. The condition of the 53 on April 1 
last was as follows: Of the 9 who were known to have had tuberculosis 
3 are classed as dead, 3 unfavorable and 3 favorable; of the 14 who had 
had symptoms indicating a previous attack of tuberculosis, 5 are dead, 3 
unfavorable, 5 favorable and 1 unknown; of the 30 who had no previous 
history, 7 are dead, 11 unfavorable, 7 favorable, 3 doubtful and 2 unknown. 
To summarize, 15 are dead, 17 unfavorable, 16 favorable, 2 doubtful 
and 3 are unknown. 

According to the American Public Health Association Reports the 
influenza morbidity of the national population of 100,000,000 was 
10,000,000 or 10 per cent, with a mortality of about 500,000 or one-half 
of 1 per cent. In Maryland, with a population of 1,300,000 there were 
150,000 cases or approximately 10 per cent, with an immediate mortality 
from all complications of 6375 or approximately one-half of 1 per cent. 
The influenza statistics of the nation and this state are so closely parallel 
that the writer, curious to see whether the same similarity existed 
regarding the influence of the acute illness on tuberculosis, sent a ques- 
tionnaire to ninety representative sanatoriums of the different states 
of the Union. The following is the questionnaire and the summary of 
answers received from 29 sanatoriums that were good enough to reply, 
and the figures of which were available: 


1. Number of bona fide cases of pulmonary tuberculosis admitted from Octo- 
ber 1, 1918, to October 1, 1919 7871 or 100 per cent 
2. How many patients gave history of having had definite influenza during 
the recent epidemic? 2143 or 27 per cent 
3. How many of these knew they had tuberculosis prior to their attack of in- 
482 or 22.4 per cent 
4, How many who had influenza gave a history of chest symptoms prior to the 
influenza that you believe were due to active tuberculosis, though a diag- 
nosis had not been made? 507 or 23.7 per cent 
. How many who had influenza were perfectly free according to the history 
from any known clinical tuberculosis prior to the epidemic? 
1150 or 54 per cent of the post-influenza cases or 15 per cent of all admitted 
6. What are the present classifications of your post-influenza tuberculosis cases? 
Answer: Majority moderately advanced. 
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7. What are the present prognoses of these cases? Answer: On the whole, unfavorable. 

8. Have you recovered tubercle bacilli from the sputum of all of them? Answer: 
1409 positive; 746 negative. 

9. In your experience, has the epidemic increased the number of cases of tuberculosis 
requiring sanatoriuni treatment in your section of the country? 23 answered 
yes, 2 slightly, 2 no and 2 were undecided. 


Curiously, 5 of the institutions that were dubious or had not experi- 
enced an increase were in New York and Pennsylvania. The Monte- 
fiore Home had experienced no increase and the National Jewish Sana- 
torium, Denver, reported a slight increase. 

The fact that 29 representative and widely scattered sanatoriums 
admitted 7871 patients, 1170 or 15 per cent of whom disclaimed any 
sickness prior to the attack of influenza to which they personally at- 
tributed without successful controversion the beginning of their serious 
illness, would seem to place influenza, in epidemic form at any rate, in the 
front rank of the exciting causes of clinical tuberculosis. 

We have no definite way of determining what percentage of the actively 
tuberculous apply for sanatorium treatment, but very likely the number 
maintains a constant ratio to the whole; and the conclusion does not 
seem illogical that if 15 per cent of the sanatorium population could 
blame influenza for their incapacity, 15 per cent of the whole tuberculo- 
sis population could do likewise. ; 

Besides being of itself a devastating illness, influenza assumes a special 
significance when a large number of cases of tuberculosis can be directly 
attributed to it, and every known means to exterminate it must be 
employed. 

Patients are still coming for diagnosis with a history pointing defi- 
nitely to an attack of influenza during the first wave of the epidemic in 
1918. A diagnosis should have been made at least a year ago; and that 
it was not can be attributed in many instances to a failure to recover 
tubercle bacilli from the sputum in the early weeks of the illness. I strongly 
approve of this Association’s programme for the examination of every 
individual giving a history of epidemic influenza, especially those who 
have never fully recovered, and trust that nothing will intervene to pre- 
vent its consummation. 
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Tabulated replies from 29 sanatoria to questionnaires asking for data concerning the incidence 
and influence of influenza in tuberculosis 


SEPTEMBER 30, 1919 
PRIOR TO INFLUENZA 
WITHOUT DIAGNOSIS 
PRIOR TO INFLUENZA 
NING WITA INFLUENZA 
INCREASED NUMBER 
CASES OF TUBERCU- 
LOSIS? 


OCTOBER 1, 1918 To 
HISTORY OF INFLUENZA 


CASES ADMITTED 
KNOWN TUBERCULOSIS 
TUBERCULOSIS BEGIN- 


|TUBERCULOSIS SYMPTOMS 
HAS INFLUENZA 


Pottenger, Monrovia, Cal 
Maryland State 

Gaylord Farm, Wallingford, Conn 
Warrensville, Ohio 

New Mexico Cottage 
Chicago-Winfield 
Metropolitan Life, Mt.McGregor, N. Y 
Woodlawn, Dallas 

Bon Air, Bradford, Pa 
Montefiore Home, N. 
Washington Municipal 
Kansas State 

New Hampshire State 
Central Maine 

Michigan State 

National Jewish, Denver 
Muirdale, Wisconsin 
Winyah, Asheville 

Iola, Rochester, 
Agnes Memorial, Denver 
Edgewood, Del 

Ohio State 

Otisville, N. Y 

Mt. Alto, Pa 

Loomis, N. Y 

North Carolina State 
New Jersey State 

Stony Wold, N. Y 
Eudowood, Md 
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Yes 
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Yes 
Yes 
Yes 
Yes 
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THE EFFECT OF HEAT ON EXPERIMENTAL 
TUBERCULOSIS 


H. J. CORPER anp H. GAUSS 


Research Department, National Jewish Hospital for Consumptives, Denver, Colorado 


There have been numerous attempts to correlate increased resistance 
to tuberculosis and lymphocytosis (1) but most of the earlier experiments 
were not of a conclusive nature. The reason for this belief in the action 
of the lymphocytes (or mononuclear cells) in tuberculosis was probably 
based on the coincident pathological fact that the mononuclear cells or 
lymphocytes are so intimately associated with tubercle formation, and 
it was therefore reasoned that their increase certainly should be associ- 
ated with an increased resistance to the disease. With the advent and 
general use of the roentgen ray and a realization of its leucopenic action 
further evidence could be accumulated incriminating the lymphocyte. 
By means of the X-ray Murphy and Ellis (2) believed that they were 
able to decrease the resistance of white mice to bovine tuberculosis. 
They, however, used as a gauge of the diminished resistance the duration 
of life of the animals, a criterion which is open to criticism, especially 
considering that large doses of bovine tubercle bacilli were used for in- 
fecting, and that consequently two toxic substances—tubercle bacilli 
and roentgen ray—would kill earlier than either alone. On the basis of 
this work Morton (3), a co-worker of Murphy, devised a method for 
hastening the guinea pig diagnosis for human tuberculosis, and found that 
a single massive exposure of the animal to the X-ray, shortly before or 
after infection and sufficient to produce a temporary leucopenia, would 
so lower the resistance of the animals that a diagnosis was possible within 
eight to ten days as contrasted to the usually required five to seven weeks. 
His technique was, however, faulty in not recognizing that tubercle bacilli 
were distributed unevenly in the tuberculous urine used for infection. 
Corroboration of this work has not been possible by either Kellert (4) or 
Corper (5) the latter using an exhaustive technique and, in addition to the 
X-ray, benzol, and thorium X, both capable of producing a marked 
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Murphy and Sturm (6), further pursuing their studies of the lympho- 
cyte, have found that animals subjected to dry heat (fifteen minutes at 
45° to 50°C. for guinea pigs and five minutes at 55° to 65°C. for mice 
and rats) for a short period of time showed a sharp fall in the total white 

' blood count, both the polymorphonuclear leucocytes and lymphocytes 
taking part in the fall. Following this, there is a slow recovery on the 
part of the polymorphonuclear leucocytes which generally require sev- 
eral weeks to regain their normalnumber. Thelymphocytes rise rapidly 
after the initial fall and continue to rise for two or three weeks. This 
increase often amounts to a gain of over 200 to 300 per cent above the 
normal count for the animal (observation on only one guinea pig is re- 
corded). The circulating lymphocytes during the more active stage of 
stimulation after heating show numerous examples of amitotic division. 
With this new method of stimulating the lymphocytes, Murphy and 
Sturm (7) tested the effect of heat upon the resistance of mice to bovine 
tuberculosis using 2 mgm. for infecting and again measuring the resist- 
ance to the disease by the duration of life of the experimental animals. 
They found this resistance, judged by the time of survival after inocu- 
lation, to be increased from two to threefold. The average length of 
life after inoculation for three groups of heated mice was 88, 69 and 67 
days respectively, while the control groups averaged 16, 29, and 28 days 
respectively. 

In view of the importance of these investigations, especially to workers 
in the field of tuberculosis, it seemed desirable to extend this study to 
other animals. We have attempted to study the effect of heat upon ex- 
perimental tuberculosis in the guinea pig infected with human tubercle 
bacilli and using as criterion the anatomic distribution of the tuberculo- 
sis rather than the death of the animal. 

We agree with Marmorek (8) who observes that death of the animal is 
of minor significance, and Krause (9) who points out the importance’of 
accident in determining the issue. For this purpose two sets of experi- 
ments were performed which differed mainly in the use of two different 
cultures (strain 1687 and strain Obershaw) of virulent human tubercle 
bacilli. Each set comprised 24 guinea pigs, 12 being infected by the 
subcutaneous injection of 0.000,01 mgm. and the other 12 receiving 
0.000,000,1 mgm. of tubercle bacilli. Of each 12 guinea pigs infected 
with the same dose of tubercle bacilli, 4 were kept as controls and received 
no treatment, while the remaining 8 were heated for fifteen minutes to 
50°C. in a specially constructed glass walled box through which con- 


The effect of heating upon experimental tuberculosis (culture no. 1687) in the guinea pig 
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Stancis, spleen, lungs and liver 
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tinual observations could be made. They were heated by means of an 
electric hot plate, sufficiently separated from the animals and capable of 
maintaining a temperature of practically 50°C. in the compartment con- 
taining the animals throughout the period of heating, the temperature 
being regulated by an accurate thermometer in the animal chamber. 
The heating chamber was also sufficiently ventilated to take care of the 


WHITE CELL COUNTS. 
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CHart 1 


air need of the animals. After fifteen minutes’ heating to 50° the guinea 
pigs revealed marked prostration and a reaction from which they recovered 
about five to ten minutes after removal from the heating chamber. 

All the animals were inoculated five days after the treated animals 
had been heated—the time when the lymphocytes should be definitely 
increasing, according to Murphy and Sturm. Leucocyte counts were 
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_ after heating for twelve days. 
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made before heating and at four day intervals after heating for twelve 
days, the results of these counts being tabulated with the pathological 
findings in tables 1 and 2 and chart 1. After inoculation the animals 
were unmolested for forty days except to make the blood counts. Seven 
guinea pigs died during the period; four were heated animals, while three 
were controls. Of the animals that died the average length of life of the 
heated guinea pigs was twenty-three days; of the unheated, twenty-two 
days. We observe here no such marked difference as seen by Murphy 
and Sturm between their heated and control mice. As will be seen 
from chart 1, the leucocyte counts show nothing distinctive. In the 
heated animals there was a slight fall in the lymphocyte count followed 
by aslight rise, but this does not materially differ from that of the non- 
heated animals. A possible criticism here is that the blood counts were 
not extended over a longer period. After forty days all the guinea pigs 
were sectioned and the anatomical distribution of tuberculosis in each 
animal tabulated. As seen from tables 1 and 2 there is no marked dif- 
ference between the heated and nonheated guinea pigs. No special 
study was made of the atypical cells found in the blood smears, since the 
main object of this work was to determine the effect of external heat on 
guinea pigs inoculated with virulent human tubercle bacilli. 


“SUMMARY 


1. Guinea pigs were heated for fifteen minutes at 50°C. according to 
the directions given by Murphy and Sturm for increasing the lympho- 
cytes in the circulating blood. Five days later, when the lymphocytes 
are supposedly increasing, these animals were inoculated with small 
doses of virulent human tubercle bacilli. 

2. Blood counts were made before heating and at four day intervals 

3. All the animals were sectioned forty days after inoculation. 

4, Comparing the heated and nonheated animals, there was no dis- 
tinctive difference in the anatomical distribution of the tuberculosis, 
there was no distinctive difference in the blood counts of the two groups, 


and in the animals that died there was no difference in their duration 
of life. 
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THE EFFECT OF BLEEDING UPON TUBERCULOSIS IN 
THE GUINEA PIG 


H. J. CORPER 
Reseatch Depariment, National Jewish Hospital for Consumplives, Denver, Colorado 


Resistance to tuberculosis or, in plainer terms, the factors that oppose 
the development and spread of tuberculosis in man, as it naturally occurs, 
and in animals, both naturally and as observed experimentally, is no 
doubt made up of a large number of factors, each individual one of which 
can only be discovered by careful segregated experimental study. It has 
been found within the past few years that doses of such leucotoxic agents 
as benzene (1), roentgen rays (2) and thorium X which, causing pro- 
found changes in the haematopoetic organs and a consequent marked leu- 
copenia, had very little effect upon the spread of tuberculosis in guinea 
pigs experimentally infected with small doses of human tubercle bacilli. 
These same agents do, however, influence antibody formation (3) and 
markedly enhance streptococcus and pneumococcus infections (4). 
Likewise, the local effect of cantharides, capsicum, turpentine and croton 
oil, powerful chemical irritants, are without effect upon the subsequent 
spread of tuberculosis, while powdered glass has a.marked local effect in 
that it favors the spread of the disease (5). The explanation of this ac- 
tion is unknown. Soot or charcoal has an inhibitory action locally which 
may be easily conceived as due to its inherent antiseptic properties, al- 
though a changed cellular reaction may have something to do with it (6). 
Even in the consideration of the effect of pulmonary hemorrhage upon 
natural pulmonary tuberculosis in man, there are no doubt a number of: 
factors involved, as, for instance, the effect of the hemorrhage per se upon 
the individual generally, the effect of the accumulation of blood in the 

lungs consequent upon the pulmonary hemorrhage on the individual’s 

resistance, and the effect of the hemorrhage, usually occurring from 
tuberculous focus, upon the subsequent spread of the disease to healthy 
lung tissue and other parts of the body. Numerous experimental studies 
upon resistance to tuberculosis have been presented but it is rather sin- 
gular that no reports are to be found in the literature upon the effect of 
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hemorrhage or bleeding upon tuberculosis. It is obvious that from an 
experimental standpoint the only one of the above points mentioned 
that lends itself for experimental study with sufficient control to be of 
value is the effect of bleeding per se upon tuberculosis. 

In a study of this kind it would, of course, be inadvisable to subject the 
animals to a procedure such as bleeding from the heart, which would be 
hazardous and result in a high mortality among them. Repeated 
bleedings from a vein have their drawbacks. To bleed from the ear re- 
peatedly would also prove difficult under ordinary circumstances, so 
that recourse was had to a method frequently used by us in rabbits, that 
is, to shave the ear and after cleaning well with alcohol, to moisten it 
with xylol after which as much as from 1 to 5 cc. could be obtained at a 
single bleeding. Care, however, must be taken to remove all traces of 
xylol after bleeding by means of alcohol since this reagent produces a 
profound necrosis if left on the ear. The experiments to be reported 
consisted of 4 control guinea pigs, that were bled but not infected, to 
note the effect of the entire manipulation upon normal animals; and 48 
infected animals, of which there were two sets of 24 each, infected with 
different cultures of virulent human tubercle bacilli, no. 1687 and no. 758; 
12 of the latter receiving 0.000,01 mgm. of culture and the other 12 re- 
ceiving 0.000,000,1 mgm. Of these 12 there were 4 guinea pigs, as con- 
trols, which were infected but not bled, 4 animals which were bled seven 
days before infection and every other day for twenty-eight days after 
infection and then every third day until sectioned, and 4 which were bled 
like the former but begun coincident with infection. The bleedings 
amounted to from 1 to 14 cc. at a time or to a total about 40 cc. to 50 cc. 
for a given guinea pig during the entire period of experiment. Crude 
Tallquist hemoglobin determinations were made at every bleeding and 
the readings ranged between 90 and 100 per cent hemoglobin throughout 
the entire experiment. The guinea pigs were all sectioned on the forty- 
first day after infection with the findings given in table 1. The controls 
which were bled but not infected revealed no abnormalities of interest. 

An examination of the table reveals no consistent differences between 
the control guinea pigs which were infected only with small doses of viru- 
lent human tubercle bacilli and those bled on alternate days pactically 
throughout the entire period of infection, or even if bleeding were ini- 
tiated a week before infection. This experiment would seem to indicate 
that even prolonged bleeding, in amounts insufficient to perceptibly in- 
fluence the hemoglobin content of the blood, in itself has no marked in- 
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fluence upon the progress of the tuberculosis but it must not be forgotten 
that, from the standpoint of pulmonary tuberculosis in man especially, 
this deals only with part of a large and complicated problem. 


TABLE 1 


Effect of repeated bleeding on alternate days upon tuberculosis in the guinea pig 


WHEN BLED 


BLEEDING BEGUN 


CULTURES OF HUMAN TUBERCLE BACILLI 


No. 1687 


No. 758 


0.000,01 
mgm. 


On alternate 
days until 
twenty-eight 
days after 
infection 
when ani- { 
mals were 
bled every 
third day 
until sec- 


Seven days 
before in- 
fection 


Controls: 
Not bled 


with infec 
tion 


Coincident | 


tioned 


++" 


* The animals were killed 41 days after infection. 
+ Distinctly enlarged local and slightly enlarged retroperitoneal glands. 
++ Enlarged local and retroperitoneal glands and slight involvement of spleen. 
+++ Enlarged local and retroperitoneal glands, spleen markedly involved, the peri- 


tracheal glands enlarged and the lungs slightly involved. 
+++-+ Massive involvement of all glands, spleen, lungs and liver. 


SUMMARY 


Bleeding in amounts of from 1 to 1} cc. on alternate days, initiated a 
week before and continued practically throughout the entire period of 
infection (forty-one days), has no appreciable effect upon the tuberculo- 
sis produced by small doses of virulent human tubercle bacilli (0.000,01 


and 0.000,000,1 mgm.) given subcutaneously to guinea pigs as measured 
by the anatomic tuberculous involvement. 
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AN ANOMALOUS POSITION OF THE COLON REVEALED 
DURING ROUTINE CHEST EXAMINATION 


SAMUEL SWEZEY anp LOUISA T. BLACK 


From the Research Department of the National Jewish Hospital for Consumptives, Denver, 
Colorado 


The position of the intestines in the abdomen is rarely such as to lead 
to confusion in the diagnosis of chest conditions, but a few recorded 
instances merit consideration. Anomalous conditions of the intestines 
have led to extensive reports, both clinical and post mortem, dealing 
with simple misplacements, anomalous lengths of various parts and 
shortening or complete absence of certain parts of the small and large 
intestines. Many of these conditions have for their basis embryological 
or developmental anomalies or certain pathological conditions occurring 
during the various stages of development. Anomalous positions, form 
and size of the large intestines have been well studied on postmortem 
material by Curschmann (1) who divides his studies into those involv- 
ing the caecum and ascending colon, the transverse colon and the two 
flexures, and finally the descending colon and the sigmoid flexure. 

Curschmann found anomalies of the transverse colon to be fairly com- 
mon. In some cases the transverse colon can be much longer than 
normal and can be misplaced upward and will then encroach upon the 
entire anterior surface of the liver. He believes this condition to be 
either a congenital anomaly or at least a condition of long standing on 
account of the form impression made upon the surface of the liver by 
the colon and the thickened condition of the serosa in this vicinity with 
adherence in places. He states that almost every year he encountered 
at least one or more of these cases clinically and their findings remained 
constant for years. No noticeable clinical symptoms were produced in 
any of his cases by this condition. He gives two cases in detail upon 
which postmortem examination revealed the complete existing condi- 
tion. The first case of which a sagittal section (picture) was given il- 
lustrates the relation between the liver, colon and diaphragm. ‘The sec- 
ond case (not illustrated by him) was mistaken clinically for spontan- 
eous pheumoperitoneum with a coincident peritonitis and was found at 
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autopsy to be a case of excessive length of the transverse colon encroach- 
ing above upon the liver and reaching the diaphragm, and in addition an 
excessive length of the sigmoid flexure. Curshmann also calls attention 
to the fact that these conditions of the colon may easily lead to mistaken 
diagnosis of liver conditions. 

We have found in the literature only one other case in which the liver, 
colon and diaphragm were in close proximity. This was reported in 
1903 by Horand (2) in very brief form. In it the liver revealed on its 
superior surface two definite impressions of the transverse colon. From 
the hepatic flexure situated under the liver, the colon extended upwards 
to the upper surface of the liver, encircling in its course the gall bladder, 
where it lay between the liver and diaphragm, being markedly com- 
pressed. It descended toward the left, resuming its normal course at 
the splenic flexure. The large intestine was doubled backward and on 
itself, lying between the diaphragm and liver. The gall bladder was 
also doubled back, downward and toward the median line. ‘That the 
caecum may possibly also attain this abnormal position is indicated by 
an autopsy reported by Barton (3) in which the ascending and transverse 
colon had such a long peritoneal attachment that the caecum could be 
put into any region of the abdomen. 

Our instance of anomalous position of the colon was encountered dur- 
ing a routine hospital examination. 


CASE REPORT 


The patient, a male, thirty-six years old,a photoengraver by occupation, was 
admitted to the hospital December 19, 1919. He gave a previous history of 
having had measles in childhood and pneumonia in 1904, his family history 
containing nothing of importance. His present illness began in 1917 when he 
had a slight hemoptysis followed by cough and loss of weight. He gave no 
symptoms referable to the gastrointestinal and urinary tracts. 

On physical examination, he did not appear to be acutely ill. He was a 
medium sized fairly well nourished person, his facies suggesting recent loss of 
weight, and he appeared to be slightly cyanotic. His eyes, ears, nose, mouth 
and neck were otherwise normal. The heart dulness was normal with the 
apex beat in the fifth interspace inside the nipple line, and the sounds normal. 
The pulse was full and regular, the rate 80 per minute. On percussion, reso- 
nance of the left side of the chest was normal. On the right side there was 
slight dulness anteriorly down to the fourth rib, below which resonance was 
normal, while posteriorly there was ‘impaired resonance over the supraspi- 
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ous fossa and over the lower portion. On auscultation there were moist rAles 
anteriorly down to the fifth rib with slight wheezing, and posteriorly crepitant 
rales over the right apex with diminished breathing, and moist rales over the 
right base. The liver and spleen could not be palpated. There was no liver 
dulness anteriorly. At the anatomical site of this organ there was tympany 
which fused with the pulmonary resonance above. The liver could not be 
demonstrated by physical signs. In the sputum tubercle bacilli were found. 
A Wassermann reaction was negative. The red cell count was 4,688,000; 
the white count, 10,200; hemoglobin, 85 per cent. 

Stereoscopic roentgenograms of the chest were made. Dr. W. Wasson, the 
consultant radiologist, reported: 


Moderately advanced pulmonary tuberculosis with considerable inflammatory mottling 
throughout right lung and annular shadows in upper right. Some bronchial change in left 
lung with few areas of inflammatory mottling. Dr. Wasson’s attention was called to an 
abnormal appearance of the right lower thoracic region. Instead of the large well defined 
outline of the diaphragmatic dome into which the upper surface of the liver snugly fits, it 
presented a large shadow resembling an air space, limited above by a curved line presum- 
ably the diaphragm and below by a light irregular shadow. Fluoroscopy showed the upper 
shadow to be freely movable and to be the diaphragm, beneath which was an area filled 
with gas and resembling a loop of the large intestine, moving with the diaphragm and located 
between it and the liver. The patient was then given a barium meal and a series of plates 
and fluoroscopic examinations were made, which revealed the following: The stomach was 
found to be normal as to location, size and time of emptying and the small intestine normal. 
A barium enema was then given, and the caecum was found in the median line in the pelvis. 
From it the ascending colon curves outward, then upward along the right wall of the abdo- 
men up to a point about midway between the iliac crest and the costal arch. It then turns 
sharply to the left and ascends in front of the liver to its upper surface where it describes a 
sharp hook bending on itself on a horizontal plane. It is then continued toward the 
umbilicus where it describes a double loop in the shape of a knot, from where it continues 
to form the sigmoid and rectum. 


It was thus established that the questionable area beneath the dia- 
phragm was a loop of the colon lying between the diaphragm and the 
liver. Ona lateral X-ray plate the liver appeared to be widely separated 
except posteriorly from the diaphragm and was pushed backward, resern- 
bling in roentgenograph the sagittal section pictured by Curschmann. 


DISCUSSION 


Embryology. In order to obtain a better insight into the possible 
etiology of this anomalous position of the large intestine, especially the 
transverse colon, it seems advisable here to review briefly the embryonic 
development of the caecum and colon. The colon and caecum (4) are 
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formed from the posterior limb of the U-shaped intestinal loop.! At: 
the end of the first month of foetal life an elevation is formed which 
afterwards becomes the caecum and appendix. At first the colonic part: 
of the intestinal loop and the caecal process are not of larger calibre 
than the small intestines, but during the fifth month the colon and 
caecum undergo an enlargement, but the terminal part of the caecum 
retains its foetal dimensions and forms the appendix. The superior 
mesenteric artery descends into the loop and gives off three branches 
to the posterior limb; the middle colic, right colic and ileo-colic arteries. 

At the seventh week the great growth of the anterior limb, to form the 
coils of the jejunum and ileum, causes the U-shaped loop to rotate so 
that the splenic flexure of the colon comes against the spleen. This 
brings the transverse mesocolon, containing the middle colic artery, 
against the part of the mesogastrium which forms the great omentum. 
These two layers adhere; thus the transverse colonis formed by the fusion 
of a part of the dorsal mesogastrium with the mesentery of the posterior 
limb of the U-shaped loop. The rotation places that part of the mesentery 
loop which forms the ascending mesocolon against the duodenum 
and at the same time the duodenal loop is pressed into its permanent 


position in front of the right kidney and inferior vena cava; the caecum 
thus comes to be situated in the majority of foetuses in front of the 
right kidney, near the gall bladder, and there it remains until about 
the time of birth, when both the caecum and ascending colon undergo 
a gradual migration towards the right iliac fossa. The cause of this 
migration is probably due to a functional elongation of the proximal 
part of the colon, but it occurs only in animals adapted to the upright 


posture. 
At the time of birth the liver occupies about half of the abdominal 


cavity. The explanation of the anomalous location of the colon in these 
casesisof course open to a great deal of conjecture as is also the approxi- 
mate time of its formation. That it is congenital or was occasioned 
early during life seems to be without doubt. Whether this location was. 
occasioned by actual pathological processes giving rise to adhesions with 
subsequent dislocation in association with other viscera—the diaphragm 
or the liver—or whether abnormal conditions such as the accumulatiom 
of gas and feces (or meconium) present in the colon itself may not have 
led to an abnormal lengthening with consequent anomalous position of 
the transverse colon is uncertain. 


1 The following description is practically that given by Keith. 
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SUMMARY 


A case of anomalous colon in a consumptive is presented with com- 
plete roentgenological study. The anomalous colon was discovered 
-during a routine roentgenological chest examination when there was 
‘found under the right diaphragm a large air containing sac, proved by 
subsequent examination to be a portion of an elongated transverse colon 
which lay on the anterior surface of the liver, the latter being pushed 
backwards, while the colon was found in direct contact with the dia- 
phragm reaching the top of the dome on the abdominal side. 


The authors wish to express their appreciation. to Drs. H. J. Corper and Harry Gauss 
for their kind codperation and advice given during the preparation of this paper. 
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D, position of diaphragm corroborated by fluoroscopy 
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$-AFTER- OPAQUE 


Fic. 3. INTESTINAL PLATE MADE TWELVE Hours AFTER INGESTION OF OPAQUE MEAL 
D, diaphragm, T.C., transverse colon 


Fic. 4. LATERAL VIEW TAKEN TWENTY-Four Hours AFTER OPAQUE MEAL 
D, diaphragm; 7.C., transverse colon; L, probable location of liver 
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Fic. 5. ABDOMINAL PLATE TAKEN IMMEDIATELY AFTER OPAQUE ENEMA 


T.C., transverse colon; L., probable location of liver 
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EARLY VERTEBRAL TUBERCULOSIS WITH CLINICAL 
PICTURE SUGGESTING RENAL CALCULUS 


JOHN W. CHURCHMAN 
New York City 


In 1917 there was admitted to-my service a middle-aged, married 
woman of slight figure and neurotic temperament, who complained of 
pain in the right lumbar region. The trouble was of several months’ 
duration. Both the site of the pain and its association with a slight fre- 
quency of micturition suggested the right kidney as the source of 
trouble. This organ was palpable, movable, not enlarged and only 
slightly, if at all, tender. 

Cystoscopic examination showed a normal bladder. No pus cells 
or tubercle bacilli were to be found in the urine. By catheterization of 
the ureters practically normal urine was obtained from both sides, though 
there were a few red blood cells in the specimen from the right kidney. 

In the roentgenographs a number of faint shadows in the neighbor- 
hood of the right kidney suggested the existence of renal calculi. One of 
these lay in the kidney shadow; while others like it were to be seen nearer 
the vertebral column, or along the border of the last rib, beyond the 
margin of the kidney. None of these shadows appears in the reproduc- 
tion of the plate made at that time (fig. 1), as they were too faint to 
show in the print; but they were similar in character to the shadow seen 
in the picture of this patient taken on her second admission, six months 
later (a, fig. 2). It was extremely doubtful whether these shadows were 
thrown’‘by renal calculi; some of them certainly were not. But in view 
of the character of the symptoms and of the fact that the physical ex- 
amination was otherwise negative the decision was reached, somewhat 
reluctantly, to explore the kidney. I had recently removed a renal cal- 
culus from a patient who had spent some time in another hospital suffer- 
ing from a vague backache, which was regarded as osteo-arthritic in 
origin, the calculus being entirely overlooked; and decision to operate 
was doubtless somewhat influenced by this experience. 

The kidney was about normal in size. A few small calcified nodules 
were felt in the surrounding fat. The organ was split open and no 
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Fic. 1, ROENTGENOGRAPH MADE ON First ADMISSION TO THE FOSPITAL 


Compare lumbar vertebre I and II with those shown in the plate made six months 
later (fig. 2). 
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stone found. On the basis of the experience of certain surgeons to the 
effect that pain of renal origin may occasionally be relieved by stripping 
back the capsule, this was done; there was, however, no particular ana- 
tomical indication for it. The kidney was anchored in place. Though 


Fic. 2. RoENTGENOGRAPH MADE ON SECOND ADMISSION TO THE HOSPITAL 


_ A well-marked caries of lumbar vertebre I and II is present 


there was not the slightest reason to anticipate such a result, all symp- 
toms disappeared after the operation; in four weeks the patient left the 
hospital happy in spirits and free from | ‘pain. 
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Six months later she was readmitted, bed ridden and suffering from 
great pain in the back. Examination now revealed a well-marked 
kyphos at the site of the first and second lumbar vertebrae. The X-ray 
picture showed a destruction of the first lumbar intervertebral disk, 
with caries and fusion of the bodies (figure 2). The natural supposition 
was that this lesion had been present when the patient was first admitted 
and had been overlooked; but examination of the picture of the verte- 
brae taken at that time proved that this was not the case. The bodies, 
spines and transverse processes were at that time clear in outline and 
normal in density; the intervertebral cartilages showed no sign of disease 
(fig. 1). 

This was clearly a case of galloping tuberculosis of the spine, first 
manifesting itself in symptoms which there was some justification for 
regarding as renal. I do not think there was anything in the roent- 
genogram made during the first stay at the hospital on which a diagnosis 
of tuberculosis could have been made or suspected. This may be only 
another way of stating the fact that the early lesions in tuberculosis of 
the bones and joints either fail to manifest themselves in the X-ray pic- 
ture, or manifest themselves in a way which we are, at present, unable to 
interpret. On the other hand it may be that, had we suspected the 
spine in this case, a more detailed study of the vertebrae would have 
revealed changes which we did not detect in the routine examination. 
It seems pretty certain that the operation in this case lighted up the 
process; at any rate advance of the disease between hospital admissions 
was rapid. 

The lesson of this observation is clear. I cannot make out, from my 
notes made during this patient’s first stay in the hospital, that a diagno- 
sis‘of vertebral tuberculosis was ever seriously considered. It certainly 
should be considered whenever pain in or near the costovertebral angle 
is complained of; and in this particular patient the shadows of calcified 
glands should have given us a clue. It is not certain that, even had we 
looked for it, the spinal tuberculosis would have been found; but I think 
it not unlikely that some reflex muscular protection, so commonly found 
in early tuberculosis of bone or joint, would have been detected. 


WORK FOR THE TUBERCULOUS 


WHAT IS SUITABLE AND WHAT UNSUITABLE FOR THE DISs- 
CHARGED TUBERCULOUS MAN 


DAVID A. STEWART 


Manitoba Sanatorium, Ninette, Manitoba 


The day a man leaves the sanatorium with anything like arrested 
tuberculosis, like the day a boy is graduated from college or university, 
is not an end, but a beginning; not a valedictory occasion, but a “‘com- 
mencement.” ‘The use of learning is sometimes more difficult to master 
than learning’s self, the application of principles harder than the com- 
prehending of them. The student in the sanatorium, which is, being 
interpreted, the school for the tuberculous, has presumably been well 
taught. If so, his back-to-home-and-work course of instruction has 
not been neglected. 

The general practitioner of medicine who sent the man to the sanato- 
rium cannot be counted a safe guide as to what he should or should not 
do on his return. He is apt to be less right in matters of treatment than 
in diagnosis, and still less right in after-treatment than in treatment. 
The sanatorium physician, who should have expertness in the treat- 
ment of tuberculosis, and whose daily contact with the patient has ex- 
tended over months, has utterly failed in his duty if he has not stood 
with him on the threshold of the new adventure and worked out with 
him what should and should not be done on his return home. 

Sanatorium treatment for pulmonary tuberculosis dates back seventy 
years, and began to be general about thirty years ago. Fairly general 
agreement as to its guiding principles has been reached by sanatorium 
men of experience. These principles are as definitely standardized as 
those of surgery, but they are not as familiar to the medical profession 
or to the general public as the principles of surgery and they run coun- 
ter to many old prejudices, as indeed the principles of modern surgery 
did a generation or more ago. 

The essentials of the treatment of tuberculosis are frequently—and 
wrongly—stated to be ‘‘food and fresh air.” The real essential, as sana- 
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torium men all know, is regulation of rest and exercise—of energy conserva- 
tion and expenditure. One tuberculous patient must not raise his hand to 
his head unnecessarily; another may do a day’s work with benefit. Be- 
tween these two are ranged all who have active or even fairly arrested 
tuberculosis, and the placing of a man where he belongs is a matter of 
experience, study and skill. He who can direct wisely regarding rest 
and exercise can treat tuberculosis. He who cannot do this can only 
maltreat tuberculosis. And only he who can bring to the treatment of 
tuberculosis thought, experience and skill, has any right to try to direct 
either the treatment or the after-employment of the tuberculous. 

Rigid and uniform rules cannot be applied. No two tuberculous pa- 
tients are the same in physical condition, resistance to disease, aptitude, 
experience, history, upbringing or surroundings. Each case, therefore, 
presents new features for consideration. But while rigid rules are not 
applicable, a few general principles may properly be outlined. 

1. Work for those with arrested disease must not be physically heavy. 
Hard labor kills the tuberculous. When the time comes for getting 
back to work, the fortunate are those whose education and previous 
training open up to them light suitable occupations; the unfortunate are 
those who know only the pick-and-shovel sort of work, and whose lack 
of education and experience or whose foreign tongue shuts them out from 
any more suitable employment. 

Tuberculosis lies hidden away in us like the charge in the old shot gun 
in the chimney corner, harmless until some person, or some circumstance, 
pulls the trigger. The most common trigger puller, is, in a broad sense, 
dissipation, the over-spending of energy. Energy expenditure must be 
kept within energy income. Over-expenditure of muscular energy is 
most dangerous for a tuberculous patient. 

2. Possibly the most deeply rooted wrong idea concerning work for 
tuberculous persons is that outdoor occupations are essential. Almost 
every patient comes to the sanatorium in a mental attitude of waving a 
fond farewell to his former occupation. He considers that he can no 
longer be a lawyer, or bookkeeper, or merchant, or an electrician; but 
must become instead, a farmer, a gardener, an outdoor time-keeper, a 
chauffeur or the driver of a delivery wagon. This idea,—which has not 
always been given him by his grandmother, but occasionally by medical 
or vocational adviser or nurse,—is wholly and utterly wrong. An out- 
door occupation may be preferable to an indoor one, other things being 
equal, but the trouble is that other things cannot and will not be made 
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equal. If weather were always good, and jobs as varied, suitable, light 
and remunerative outside as inside, outdoor work would be chosen; 
but suitable well-paid, physically light, permanent out-door jobs are as 
scarce as bank-presidentships. Even fairly suitable outdoor jobs are 
few, and suitable indoor jobs are so much more numerous, that one whose 
daily task it is to consider and plan the after-course of tuberculous pa- 
tients comes almost to disregard the occasional outdoor opportunity 
and almost as a rule to advise indoor work. 

The chief objection to an indoor job is its indoor-ness. But if a man 
has to be indoors at his work eight or ten hours a day, he has still fourteen 
or sixteen hours of the twenty-four, most of which, by sleeping out of 
doors, he can spend in the open air. Indoor work and outdoor sleeping 
should be as suitable a routine as outdoor work and indoor sleeping, even 
if fresh air were the only essential, which it is not. ‘There is no climate 
known in which an arrested tuberculous patient, working in the open, is 
not exposed to most unfavorable conditions many times in the three 
hundred and sixty-five days of any year. If an outdoor occupation be 
the only suitable one, why do so many farmers become tuberculous? 

A clerk in a railway freight office was noticed to be coughing and not 
doing well. The manager, in mistaken kindness, gave him an outdoor 
collecting job, and to make it particularly suitable, put him on a subur- 
ban beat where walks were long and air supposed to be free and pure. 
A fortnight of carrying a weak body and a heavy overcoat through 
snowdrifts and zero weather finished that man. The secret of his bad 
condition was not that he was in an office all day, but that he was phys- 
ically overworking before and after office hours helping his wife to run a 
boarding house. It can easily be seen how the collecting job finished 
him. 

3. It is particularly necessary that a tuberculous person should earn a 
good wage so as to make good living conditions possible. This is so im- 
portant that it should be a chief consideration even to the exclusion of 
some other considerations. Within his own home, a man who has lost 
his leg can live, without disadvantage, at exactly the same standard as 
before his injury, but a tuberculous man cannot do this. He needs 
better and more spacious housing, with balcony accommodation. He 
should even be able to waste fuel to some extent, letting fresh and cold 
air in and, incidentally, heated air out through opened windows. He 
requires better food, better clothing, better mattress, better bedding 
and more of it, and likely shorter hours of labor than he did before. He 
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needs, therefore, a higher-paid occupation to insure against breakdown. 
Training, which increases the earning capacity of a tuberculous patient 
and enables him to earn more dollars and earn them more easily, is a 
. wise investment which will prevent many a breakdown and give a good 
profit even in dollars and cents. 

4. A tuberculous patient needs a permanent occupation. To give him 
merely ‘‘something to go on with” is usually a mistake, especially if he 
be at the occupation-learning age. His condition is not temporary, but 
in some degree, at least, permanent, though likely to improve with care, 
and a.suitable occupation will be needed not only this year and next 
year but ten years hence. An occupation with a future, which will be 
suitable ten years hence is, needless to say, the one which should be 
entered upon to-day. There is perhaps a fair prospect of his handicap 
becoming less as the years go by, and a blind-alley occupation, which 
leads nowhere, is not good enough for him. 

5. If ai all possible, it is better for a man to return to his old occupation 
or some modification of it. His old job is easy to his hand, like an old 
glove; he can measure his capacity and avoid over-exertion in it better 
than in another; and in it he escapes the worry and uncertainty of learn- 
ing new work. Employment in his old work is more easily secured. He 
knows its ropes and may be at work the week after the doctor pronounces 
him fit. A workman’s trade is his capital, slowly acquired like the mer- 
chant’s business, and to ask him to give it up is like asking the merchant 
to burn down his warehouse, destroy all his records, cancel all his con- 
nections, and begin without resources to build up another and a different 
business. When a workman, trained in a trade, gives up that trade and 
begins to learn a different one, the loss to the individual and to the state 
is the same kind of loss as the burning down of a factory. It is the de- 
struction of an asset personal and national. 

It is sometimes particularly suitable to train a man in an improved 
grade or variation of his old occupation. He thus turns to account all 
his old experience, and adds to his aptitude. Accordingly, a clerk who 
has had little training may be taught the work of a bookkeeper or learn 
shorthand and become a secretary; a machinist may be developed into a 
draftsman; a carpenter may become a supervisor of work; a farmer may 
retain his old experience but have a lighter and more suitable job with 
shorter hours by learning to run a gasoline tractor. 

6. A suitable job for a tuberculous patient should be one which makes it 
possible for him to live at his own home. The work of a salesman or com- 
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mercial traveller may not be unsuitable if confined to the bounds of a 
city but may become one of the most unsuitable occupations when it 
involves travel away from home. One of the essentials to success in 
keeping tuberculosis arrested is a good suitable home, and all the ad- 
vantages of this are lost and all the disadvantages of unsuitable surround- 
ings added, when a man’s home is any hotel he may chance to reach for 
the night. In salesmanship, some lines involve few calls, light samples, 
and a high degree of skill, while others involve heavy samples and many 
calls, with less skill. Work of the first sort may be quite suitable and 
work of the second sort very unsuitable. 

It is a truism that actions are not always good or bad in themselves, 
but in their relations; sin is conduct out of place. So, considering all 
different circumstances, it is impossible to divide occupations into two 
lists, ‘‘good”’ and “‘bad.” What is bad for one tuberculous man, in view 
of his condition and many sets of circumstances, may be good for an- 
other, differently placed, and in a different physical condition. 

While this is the case, and definite white and black lists are impos- 
sible, it may be advisable to discuss one or two occupations concerning 
which, popular ideas are especially wrong. 

There are physicians who never see farms except from Pullman win- 
dows, who sit comfortably in city offices and advise men more or less 
broken by tuberculosis to go farming. In their mind’s eye they see a 
picturesque homestead with sloping fertile fields, a placid stream or 
two, lawns and orchard, ample buildings,—a picture of peace and 
plenty. They think of a hammock in the orchard, horses and carriages, 
fresh eggs and cream, abundant hospitality, all modern improvements, 
all the comforts of life; and they advise the man physically and finan- 
cially ‘‘broke’’ to “go farming.”” The farm they see in their dream is an 
exceptional farm—a very exceptional farm, altogether likely a monument 
to the labors of the grandfather of the present farmer. It may be avail- 
able for a son or daughter or a fortunate nephew who needs to recuperate, 
but on a farm, when actual work begins, friendship ceases. The pros- 
perous farmer, or his son, or guest, can possibly employ themselves in 
easy and picturesque and not altogether un-useful ways, and modify 
the farm routine as necessary. But the man who has no training and 
no start, who must work for a farmer, or hew out a farm for himself, 
is committed to one of the most unsuitable of all occupations for a 
tuberculous patient. 


WORK FOR THE TUBERCULOUS 297 


And while the exceptional farms are very attractive, average farms 
rank low. Houses are small, ill-ventilated, badly heated, not very well 
kept; rooms are small, sanitary conditions are bad. Hours of work are 
long, as chores of various sorts are added to the regular day’s work. 
The farmer knows no forty or forty-eight hour week but more probably 
a seventy-five hour week. All weathers must be faced and all emer- 
gencies met, and, even in an age of machines, much drudgery and hard 
physical labor remain. The man without capital, whether working for 
himself or for another man, has the hardest work and the greatest amount 
of drudgery and any soft jobs or easy circumstances necessarily belong 
to the man with the capital. 

One who has had a considerable farming experience, whose condition 
is extra good, who is in the position of owner and who can develop one 
of the less laborious lines of farming, may, even if not ‘‘well fixed,” 
return to farming with benefit to himself and the country. No absolute 
rule can be made, but for an inexperienced man with arrested tubercu- 
losis, farming, unless under exceptional circumstances, is an utterly 
unsuitable occupation. 

Gardening has been looked on as an easy, suitable and even poetic 
form of farming. ‘‘God Almighty first planted a Garden; and, indeed, 
it is the purest of human pleasures. It is the greatest refreshment to 
the Spirits of Man,”’ quoth Lord Bacon. And who would not have been 
refreshed by wandering among his cypress trees, ivy, bays, rosemary, 
lavender, periwinkle, “‘the white, the purple and the blue,” the sweet 
marjorum, the double peony, the lilies “of all natures,” and the scores 
of his other flowers and fruits, his fountains, walks and walls? But it 
is most unlikely that Lord Bacon ever turned a single sod in the garden, 
and he certainly did not have to have his carrots and parsnips in the 
London market by cockcrow. He knew the poetry, but not the prose, 
of gardening. 

Gardening as an outdoor fad or a backyard asset or a patriotic spurt 
may be all very well, but, as a means of earning a living, it is no job for a 
tuberculous person and a mighty hard job for one with all his usual pow- 
ers. It is something like farming by hand without machinery, and he 
who will garden for a livelihood must be up before the lark and still up 
long after curfew in order to reach his customers with the fresh products 
of his garden. Let the outdoor faddist soberly compare the dollar with 
which the weary gardener returns to his home late at night with the dol- 
lar the bookkeeper earns in a comfortable office, and decide if the fact 
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that he has been outdoors in a drizzling rain all day inclines the balance 
in favor of the gardener’s occupation for a tuberculous man. 

One of the occupations freely recommended for tuberculous patients 
is the care of chickens, Ihave been told that any one who runs a chicken 
ranch successfully has brains enough to be a college president. I know 
very little in a practical way about the care of chickens. But I have yet 
to be converted to the idea that the various operations necessary in 
chicken raising are particularly suitable to tuberculous patients and have 
yet to be shown any considerable number of real successes either in money 
or in health. 

Much has been said, especially as the end of the war came in sight, 
and particularly in England, about colonies for the tuberculous—centres 
residential and to some extent industrial. It is presumed that many 
could live and work under good colony conditions who could not make 
good under ordinary living and working conditions. Every individual 
tuberculous person constitutes a special problem, and no universalrule will 
apply toall. From a fairly broad experience with sanatorium patients, 
however, it seems to me unlikely that many will be found for whom the 
tuberculous colony would be the ideal solution. Those by whom it 
would be most needed might with the greatest difficulty be induced to 
enter, while those who were anxious to prolong dependence might be hard 
to break away. A trial must be made not only in one country and for 
one class, but in each country and for each class. What might be very 
suitable in England might be entirely unworkable in Western Canada. 

Such a colony would, in my opinion, do its best work when it most 
definitely served as a stepping stone to the return to an ordinary place 
in the community. Nothing should be done to delay the return to his 
ordinary employment and ordinary conditions for the man who is any- 
thing like suitable for that return. The ideal should be the man back 
in his own place as often and as soon as possible. 

Any scheme of help, however good, impairs to some extent individ 
initiative. By observing side by side in sanatorium treatment soldiers 
and civilians one comes to realize how valuable are individual initiative 
and individual sense of responsibility, and how much can be lost by 
impairing these by any scheme, however good. 

Whatever plan may be devised and whatever occupation decided on 
for men with arrested tuberculosis, individual initiative and what used 
to be known as “‘gumption” are most important constituents of success. 
Backing and help are all very well but a man can often do with and for 
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himself what no one can do for him. I have known a voiceless patient 
with advanced disease, barely arrested, plan out for himself a new occu- 
pation and keep his family in comfort for years, at the same time doing 
the useful work of a good citizen. Such initiative and gumptign can be 
coddled out of a man. ° | 

Many men when they return home fail, not because of over-work, but 
of over-play. A man may be said to spend all the time he has in work, 
play and rest. ‘The tuberculous man who has to increase his time of rest 
must increase it at the expense of the work period or of the “play” 
period. If he can afford to do so he may choose play—that is, unneces- 
sary employment, and proportionately drop work, which is for most 
people, necessary employment. But for most men returning to their 
homes work has to come first. With them the choice has to be made 
between shortening what I have called the “‘play time,” the time of 
unnecessary energy expenditure of various sorts, or cutting short the 
rest time. 

One very common cause of breakdown—indeed the most common 
cause—is the choice of both work and piay in full measure—men insisting 
on having everything in their lives that they had before, with no abate- 
ment whatsoever, no allowance for the extra needs of a diseased body. 
The tuberculous man must be willing to sacrifice something, perhaps 
much. He must “‘deny himself and take up his cross,” if he is to be a 
true disciple. 

While much, indeed most, depends upon himself, yet a good start is 
of utmost importance and any advice a patient is to receive should 
be well thought out according to right principles. 
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THE INFLUENCE OF CLIMATE AS DISTINGUISHED FROM 
FRESH AIR IN THE TREATMENT. OF PULMONARY 
TUBERCULOSIS AND ITS COMPLICATIONS 


JOHN W. FLINN 


Prescott, Arizona 


Much has been said on the influence of climate in the treatment of 
pulmonary tuberculosis, but very few definite conclusive facts have been 
established. Most extravagant claims have been made by some advo- 
cates of the climatic treatment; while other observers have claimed with 
equal vehemence that climate has absolutely no influence whatever. 
Both these extremists are manifestly mistaken. That pulmonary tuber- 
culosis has been cured in all climates is abundantly proved by post mor- 
tem examinations; that many cases have improved and many others ar- 
rested in one climate, though they had become progressively worse or 
failed to make any improvement, under almost identical care, in another 
climate, is a matter of fairly common observation. Somewhere in the 
vast expanse between these widely divergent views lies the truth, but 
exactly where seems absolutely impossible to determine in the present 
state of our knowledge. So intimately is the influence of climate inter- 
woven with that of care—fresh air, géod food and rest—that it seems 
quite impossible to separate the influence of one from that of the other, to 
analyze the relationship of one to the other or to determine exactly the 
relative value of each. All one can do is to review and correlate cer- 
tain fairly well established facts, indicate in a general way their probable 
significance and leave the conclusions to the judgment or prejudice of 
each individual observer. | 

In attempting to solve a problem of this kind two sources of informa- 
tion are available; first, fairly well established conclusions founded on 
experimental investigation and, second, opinions based on wide clinical 
experience. The former is perhaps the more definite; the latter is cer- 
tainly the more reliable, if founded on unbiased judgments. An en- 
deavor will be made to draw from both these sources of information. 

Theoretically the most convincing way to determine the relative im- 
portance of different climatic factors in the treatment of pulmonary 
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tuberculosis would be to select a number of units of say 100 each, of 
patients in similar physical condition in all stages of the disease, and 
each unit in exactly the same way but under different climatic condi- 
tions of temperature, purity of atmosphere, percentage of sunshine, rela- 
tive humidity, altitude, etc.; and compare the results. Such a plan is 
manifestly impracticable. The nearest approach to it which is feasible 
would seem to be to compare the results of the same treatment of the 
same patients, in the same locality, at different seasons of the year. 
The monthly and yearly reports of the United States Weather Bureau 
prove conclusively that the climate of the same locality differs at various 
seasons of the year just as surely as do the climates of different localities. 
In other words there is a distinct seasonal climate as well as a climate of 
locality, and the elements of each are essentially the same. Herein may 
lie the answer to this vexed and complex question. A careful study 
along these lines by competent observers in different parts of the conti- 
nent, should, after a few years, place at the disposal of the profession an 
accumulation of well established facts sufficient to solve this problemin 
most of its details. For the present, however, we must content ourselves 
with a few general conclusions drawn from the meagre observations on the 
influence of seasons in the treatment of this disease. 

The late Dr. E. L. Trudeau, the founder of the open-air treatment of 
tuberculosis in America and the man whose unbiased opinion probably 
carries more weight than that of any other American writer on tubercu- 
losis, says, ‘““The hot weather is, I think, unfavorable to phthisical pa- 
tients and the greatest improvement takes place from early fall to early 
spring.” A careful study of the records of the Adirondack Cottage Sana- 
torium has proved quite conclusively the truth of Dr. Trudeau’s opinion. 
In fact statistics and observations from all parts of the world, in every 
climate in which tuberculosis is being treated, tend to verify his state- 
ment. 

This one fact, almost universally admitted, that patients wish pul- 
monary tuberculosis show greater improvement at certain seatons of 
the year would seem to be conclusive proof that climate does have an 
influence on the treatment of this disease. rote 

At the Adirondack Cottage Sanatorium, for instance, the patients are 
thesame. They spend the same number of hours in the fresh air. They 
eat the same food. They rest the same number of hours. They have 
precisely the same care at all seasons of the year. The only difference 
is in the weather, the climate. Therefore, climate must have a definite 
influence in the treatment of pulmonary tuberculosis. 
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“But,” you will ask, “what particular influence has climate?” It 
seems quite clear that in this locality the climate of the fall and winter 
has a more favorable influence than that of the spring and summer; but 
to what extent each particular element of climate influences patients it 

‘seems impossible to determine at present. In a general way, the fall 
and winter climate is cooler than that of the spring and summer; and the 
air is probably drier, especially during the intense cold of the winter 
months, when the rivers and lakes are frozen over; and it is probably 
purer (that is, freer from organic matter and bacteria), particularly dur- 
ing the winter months when the whole country is covered with a thick 
mantle of snow. We would seem justified, therefore, in adding that the 
facts seem to indicate that the combination of cold with dryness and 
purity of atmosphere very probably constitutes the advantages of the 
climate of the fall and winter months, and that each of these three ele- 
ments of climate is in itself a distinct benefit. 


COLD 


There is a rather remarkable unanimity of opinion among clinicians 
in all parts of the world regarding the beneficial influence of cold in the 
treatment of pulmonary tuberculosis. In fact this is the one and only 
element of climate regarding the benefits of which all students of tuber- 
culosis agree. In all climates from the Arctic Circle to the Equator the 
cooler months are the ones in which tuberculous patients make the 
most marked improvement. Within the Arctic Circle seems to be the 
only part of the Northern Hemisphere in which the summer climate is 
better suited for the treatment of tuberculosis. No attempt, however, 
seems to have been made to determine what degree of cold is most bene- 
ficial. Unbiased judgment would seem to indicate that a moderate 
degree of cold—sufficient to stimulate metabolism without the necessity 
of an excessive amount of clothing—would probably be most desirable. 
The fact that at North Reading, Massachusetts, the greatest percentage 
of patients gained in September and August, and in Pennsylvania 
in October and November, while at Saranac Lake, September far sur- 
passed every other month, would tend to verify the correctness of this 
conclusion. 

Regarding the amount of cold desirable for each individual patient, 
this should be determined by the individual’s powers of reacting to cold 
—--just as in the case of the water bath. If a certain degree of cold is 
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followed by a “‘healthy glow” of the skin it is of distinct benefit. If, on 
the other hand, it causes blueness, “goose flesh,” and discomfort, a 
warmer atmosphere is desirable. As in the case of the water bath most 
patients can be gradually hardened to enjoy a moderate degree of cold 
in the atmosphere. Reference will be made later to the fact that in 
the milder climates the beneficial effects of cold may be obtained by 
exposing the naked body to the air. 


PURE AIR 


For a number of years most observers have agreed that pure air is 
a very necessary climatic element in the treatment of pulmonary tu- 
berculosis. The fact that the sites for all sanatoria, public and private, 
have been selected away from the smoke and dust of cities and, where 
possible, on elevated ridges in sparsely settled districts, is sufficient 
proof of this. Careful laboratory observations have proved that the 
purest air—that having the greatest freedom from smoke, dust, organic 
matter and bacteria—is to be found in the Polar ice fields, in mid-ocean, 
on very high mountain tops, in pine forests and on the desert. A thick 
coat of snow lying on the ground continuously for several months con- 
tributes greatly to purity of atmosphere; as do also a high percentage of 
sunshine and absence of vegetation. In the habitable portions of this 
continent, where proper facilities can be had for the care of tuberculous 
patiénts, the pine woods of the East and North during the winter season, 
when the ground is thickly covered with snow, and the desert regions 
of the Southwest at all seasons of the year, offer the greatest advantages 
so far as pure air is concerned. Ocean travel is not to be recommended 
in the treatment of pulmonary tuberculosis. Reference will be made 
later to the beneficial effects of life at the seashore in the treatment of 
surgical tuberculosis. Where chemically and bacteriologically pure air 
is not obtainable, use should be made of an abundance of the best outdoor 
air available in that locality. Constant air movement is an important 
consideration in all localities, but more especially in those in which a 
really pure air is not obtainable. Patients should not only live out-of- 
doors but they should be surrounded with moving air at all hours of the 


day and night. 
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SUNSHINE 


Although Osler as far back as 1893 placed pure air and sunshine at 
the head of his list of desirable attributes of a suitable locality for the 
treatment of pulmonary tuberculosis, a number of prominent students 
of this disease appeared to doubt the efficacy of a high percentage of 
sunshine in its treatment. They pointed to excellent results obtained 
in climates where the percentage of sunshine is small; and from this fact 
jumped to the erroneous conclusion that sunshine has little or no influ- 
ence on the tuberculous process. 

It was not until about 1913, when a knowledge of the results of Rol- 
lier’s treatment of surgical tuberculosis by exposure of the whole body 
to the influence of the sun’s rays, began to be widely disseminated, that 
sunshine was given a definite scientific place in the armamentarium of 
those who treat tuberculosis. For years previously the general impres- 
sion among physicians was that sunshine probably had a beneficial ef- 
fect on tuberculosis by purifying the atmosphere, and by its moral effect 
on the spirits of the patient; while those who practised in regions where 
the percentage of sunshine is high were firmly convinced of its efficacy 
but could advance no definite conclusive proofs in favor of their opinion. 
The remarkable results obtained by Rollier constitute one of the bright- 
est pages of modern surgery and prove beyond a doubt that sunshine is 
the most potent agent we possess for the cure of surgical tuberculosis. 
This much has been conclusively proved; but to what extent and how 
the direct rays of the sun affect pulmonary tuberculosis has not yet 
been definitely determined. 

Rollier’s vast laboratory and clinical experience has convinced him 
that the beneficial results of sun and air baths in surgical tuberculosis 
are due more to their general effect in increasing the individual’s resist- 
ance to the disease than to their local action on the diseased tissue. If 
this view is correct, sunshine should be a valuable therapeutic measure 
in the treatment of pulmonary and laryngeal tuberculosis. Clinical 
experience in Europe and on this continent is beginning to indicate its 
real value in these forms of tuberculosis. ‘‘Laryngeal tuberculosis has 
been treated since 1905 with great success by Sorgo. Thesame method 
has been adopted by Baer, Runeauld, Weiss, Faussen and Alexander.” 

Rollier says, 
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Concerning the treatment of pulmonary tuberculosis, there prevailed, up to 
very recently, in medical circles, the opinion that those with lung tuberculosis 
should avoid the sunlight. They accused the sun of various misdeeds. 
Among other things, it was said to cause fever, congestion and hemorrhage. 
It required some courage to fight against this assumption and to free oneself 
from the exaggerated fear which, even to-day, overcomes some physicians. 
During our work in the field of surgical tuberculosis (since 1903), we have had 
opportunity to observe and treat by heliotherapy a great number of surgical 
cases who also had lung tuberculosis, and we have never observed an unfavorable 
effect. On the contrary, we have always noticed an obvious improvement in 
the lungs under the influence of the sunlight combined with the high mountain 
air. . . . We always succeeded in avoiding the much dreaded conges- 
tion by the cautious application of insolation, and we came to the conclusion 
that the hyperemia of the skin is an excellent decongesting agent for the inner 
organs and, consequently, also for the lungs. But just here individualization 
is of the greatest importance. According to our observation, the youthful 
cases of tuberculosis, with little infiltration of the apices, and especially chil- 
dren, are most benefited by the sunshine. 


The writer’s very limited experience would lead him to believe that 
exposure of the arms, legs, and sometimes of the abdomen to the sun 
and air is of distinct benefit in selected cases of pulmonary tuberculosis 
with moderate fever; but that the general sun and air bath (that is, ex- 
posing the whole body to the sun and air) should be reserved for patients 
with normal temperature who are about ready to begin carefully gradu- 
ated exercise. In fact the general sun bath should be regarded as a 
mild form of exercise, and as such it seems to have a distinct place in the 
treatment of many cases of pulmonary tuberculosis. Our experience 
has been that its most striking benefits have been found in those well- 
nourished patients (often much above normal weight) whose tempera- 
ture remains normal as long as they are kept at rest in bed, but who 
immediately begin to have a rise of temperature on the slightest exercise. 
The sun bath will often increase the powers of resistance of these patients 
in a few weeks to such an extent that they can be safely put on care- 
fully graduated walking exercise. Incidentally, in many instances, it 
removes their superfluous flesh. Some febrile cases will tolerate sun 
baths of the arms, legs and abdomen, but will begin to show elevation 
of temperature when the chest is exposed tothesun. Many of these 
are apparently benefited by the sun bath, when the chest is kept cov- 
ered, either permanently or until its exposure to the sun does not pro- 
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duce fever. Experience would indicate that the general sun bath is of 
distinct benefit in laryngeal tuberculosis, and quite lately a few cases 
have been reported in which the reflection of the sun’s rays into the 
tuberculous larynx seemed to have a beneficial effect on the local tuber- 
culous process. 


DRY AIR 


As previously hinted, clinical experience suggests that dry air is proba- 
bly of distinct benefit in the treatment of pulmonary tuberculosis. In- 
asmuch as a low relative humidity is usually associated with pure air 
and very often with a high percentage of sunshine, it is very difficult to 
distinguish the influence of one from that of the other. Many observers 
have been impressed with the markedly good effect produced on the 
cough and expectoration of most cases of tuberculosis by a dry atmos- 
phere. Patients, themselves, are usually the first to comment on this 
fact. It has been found that the killing of bacteria by sunshine is most 
easily accomplished in dry air. While excellent results in surgical tu- 
berculosis have been obtained in the humid atmosphere of the seashore, 
practically all authorities agree that most pulmonary cases are not ben- 
efited by residence at the seashore. A combination of high relative hu- 
midity with low temperature is probably always distinctly harmful in 
pulmonary tuberculosis; but some cases undoubtedly do better in warm, 
fairly moist, equable climates. This is especially true of those advanced 
in years, cases with kidney involvement, and those in the later stages of 
the disease with low vitality and profuse expectoration. 


ALTITUDE 


The influence of altitude on pulmonary tuberculosis has been the 
subject of more vexed and acrimonious discussion than that of any other 
element of climate. The advocates of both sides have apparently failed 
entirely to influence the convictions and prejudices of their opponents 
and the wordy warfare still continues. There is no doubt that large 
numbers of cases of pulmonary tuberculosis have become quiescent and 
arrested in high altitudes. Whether or not these cases would have re- 
covered equally as well at lower levels there is apparently no method of 
determining definitely.‘ Statistics have proved nothing on account of 
the difference in patients, and in methods of classification. At the 
present time, however, arrangements are being completed to remove the 
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patients from one of the oldest and best equipped sanatoriums in Ari- 
zona at an altitude of 1090 feet to the mountains, at an altitude of 5300 
feet, for the summer months. A comparison of the accurate and de- 
tailed records of this institution during the winter months on the desert 
with those of the summer months in the mountains, at a high altitude, 
should, after a number of years, give considerable definite information 
concerning the influence of altitude in the treatment of tuberculosis. 
The advocates of altitude have shown that the proportion of red blood 
corpuscles and of hemoglobin is considerably increased and that the ar- 
terial blood contains considerably more oxygen at high altitudes. 
Whether or not these changes are due to altitude per se is still a subject 
of debate. It is clear, however, that altitude carries with it purer air 
and more abundant sunshine; and to this extent it must be a desirable 
element in the treatment of tuberculosis wmless its injurious effects more 
than offset these advantages. Perhaps the most remarkable demon- 
stration of the adaptability of man at all ages to high altitudes without 
any deleterious effect is found in the Grand Canyon of Arizona. There, 
during the past twenty years, tens of thousands of tourists of all ages 
have been taken from an altitude of 7000 feet at the rim of the Can- 
yon to less than 2000 feet at the river, and back in the same day; and 
two years ago the management reported that it had not been found 
necessary to call a physician to attend a guest there since the hotel was 
opened twelve years before. 
The work of Rollier in surgical tuberculosis has called attention to the 
influence of the sun’s rays at high altitudes, Professor Rosselet, Rol- 
lier’s collaborator, ascribes the main effect of light in the sun treatment 
to the ultraviolet rays. By comparing these rays in the mountains and 
on the plains he found that even when the weather is ideally clear the 
ultraviolet rays are more intense and more numerous at a higher alti- 
tude. This difference tends to disappear in the summer time, but it is 
very great in the winter. Theluminosity of the sun in winter is six times 
greater at Davos Platz in the Alps than at Kiel at sea-level, and some- 
what less than twice as great in summer. In winter the effect of light 
is increased by reflection from the snow, and its chemical qualities are 
augmented. 
To quote from Rollier: 


From these considerations we see that the most advantageous way to take 
the sun treatment is in the high plateau region during the winter months. 
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The strength of the sun’s rays is in direct proportion to the altitude. At the 
lower levels the sun’s rays, coming down through the air, come in contact with 
dust particles, bacteria, mists, etc., and lose about 90 per cent of their effective- 
ness. 


On the other hand the chief effect of light on the body is pigmentation 
of the skin caused principally by the ultraviolet rays. It is a matter 
of common knowledge that pigmentation of the skin takes place readily 
at the seashore; and since Brannan has reported excellent results in the 
treatment of surgical tuberculosis at Sea Breeze on the New York coast 
and similar excellent results have been obtained for years at the seashore 
sanatoriums of Italy and France, the conclusion seems justified that the 
sun’s rays at the seashore have an especially beneficial effect. One 
wonders if the pure air of the seashore and the reflection of the sun’s rays 
from a large body of water are not factors in increasing the effect of 
light. Naturally the great advantage of altitude in the use of the sun’s 
rays is the much higher percentage of sunshine found at the higher 
levels. Regarding the influence of the sun’s rays at lower levels on the 
desert, little has been determined; but, since pigmentation is easily ac- 
quired there, these localities are probably very suitable for sun treatment 
during the cooler months of the year. Here, too, pure air and the re- 
flection of the sun’s rays from the vast expanse of the desert probably 
increase the effects of light on the body. 


CONCLUSIONS 


From the foregoing facts we would seem justified in coming to 
the following distinct conclusions: 

1. There is no specific climate for the treatment of pulmonary tubercu- 
losis. 

2. Varying degrees of cold, abundance of pure air and the largest pos- 
sible percentage of sunshine are certainly of distinct benefit in the treat- 
ment of all forms of tuberculosis. 

3. Dry air is probably beneficial in quite a high percentage of cases of 
pulmonary tuberculosis. 

4, Altitude is certainly beneficial in all cases of surgical tuberculosis 
and is probably of considerable benefit in quite a large percentage of 
cases of pulmonary and laryngeal tuberculosis. 

5. The seashore at all latitudes is certainly beneficial in all forms of 
surgical tuberculosis. In the colder latitudes it is not beneficial in pul- 
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monary tuberculosis, but in the warmer more equable latitudes it is 
suitable for the treatment of certain cases of the pulmonary form of this 
disease. 

In endeavoring to make practical application of these conclusions the 
question of the relative value of climate at once obtrudes itself on our 
attention. To quote from a former paper: 


As between care (that is fresh air, good food, rest and competent medical 
attention) and climate, the latter must always continue to be a secondary con- 
sideration. In the least favorable climate, good care, provided the surround- 
ings be the best obtainable, will produce much better results than the best 
known climate without this care. If the patient must choose between the two, 
he should take the care and let the climate go; but if he be so fortunate as to 
befable to have them both, his prospects of recovery are certainly brighter 
than they could be if he were compelled to depend on one alone. 
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PRESIDENTIAL ADDRESS! 


THE PRESENT STATUS AND FUTURE PROSPECTS OF THE 
TUBERCULOSIS CAMPAIGN 


VICTOR C. VAUGHAN 
Ann Arbor, Michigan 


I have spent some time during the current year in trying to satisfy 
myself concerning the present status and future prospects of the cam- 
paign against tuberculosis. It is my purpose to give in this paper a 
brief statement of the conclusions which I have reached. 

In the first place, it seems to be thoroughly established that practically 
no child is born into the world with tuberculous infection. Tens of 
thousands of autopsies, and many more applications of the tuberculin 
test, have demonstrated the fact that congenital tuberculosis is exceed- 
ingly rare. Besides this, the weight of opinion at present is that there 
is no inheritance of even a predisposition towards this disease. Tuber- 
culous cows are used in Denmark and elsewhere for breeding purposes. 
If the calves produced by these cows be immediately separated from the 
mothers at birth and permitted to nurse healthy cows or are fed upon 
sterilized food, they grow into healthy animals. The same thing on a 
smaller scale has been shown to be true in the human race. Tuberculosis 
is always an acquired disease and never inherited. While during the 
fifty or more years preceding the World War the death rate from tuber- 
culosis was constantly decreasing, the percentage of tuberculous infection 
has been increasing; in other words, we have a lessened mortality from 
this disease and a greater morbidity. The causes of this increase in 
tuberculous infection should give us great concern. It has been shown 
that the greatest increase in tuberculous infection has developed in 
cities, and especially in those cities where the homes are overcrowded. 
This is an age of great crowded cities, with skyscrapers reaching toward 
the heavens. It is more than probable that the census for the present 
year will show that quite half of our population is urban. Every city 
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in the country from the humblest village to the great metropolis is 
hoping that the census will show a great increase in its population. Is 
this desirable? Does it endanger the health of the masses? Can man- 
kind at large best develop physically, mentally, and morally in great 
' cities? While tuberculous infection has greatly multiplied in cities and 
while much of our rural population is still badly housed, the rate in the 
increase of tuberculous infection has been most marked in the cities. 
Quite one-half of our population is to-day living in cells. Some of these 
cells are crude and unfit for human habitation, while others are gilded 
and supplied with the richest and most ornate furniture; but all are 
cells. 

We might learn a lesson from a study of the prevalence of tuberculosis 
among cattle. According to Moore, this disease is rare among the range 
cattle from the West and Southwest that come to the markets at Kansas 
City and Chicago; on the other hand, tuberculosis is common in the 
dairy herds in every part of the country. Housing is the greatest 
problem, as I look at it, in the tuberculosis campaign and the greatest 
factor in the increase in tuberculous infection. Something must be 
done which will turn the current and drive our people from the cities 
to the country. At present every incentive leads in the opposite direc- 
tion. The farmer and his sons are leaving their tillable lands, moving 
to the city, going into business for themselves or becoming employees 
in mercantile, manufacturing, and other industrial plants. The young 
man who has recently married and with the prospect of a family ahead 
of him knows the difficulty of properly rearing his children in the country. 
The hardships of rural life are still great. The educational and cultural 
opportunities for himself, wife, and children in the country are meagre, 
but the most potent influence in driving the farmer to the city is a 
financial one. The man who stays on his farm cannot get laborers, 
because he cannot afford to pay the wages these men receive in industrial 
plants. In order to do this he would be compelled to sell his wheat 
at many dollars a bushel. He certainly cannot keep his laborers if he 
must sell his produce at the figures now prevailing, as great compared 
with the past as they are. 

In my opinion, no nation can greatly improve when so large a pro- 
portion of its inhabitants are living a parasitic life; and all cities are 
parasites. The fundamental necessities of life are food, clothing, shelter 
and fuel. The miner who digs the coal may go on a strike and compel 
us to pay whatever price he sees fit to demand. The lumberman, and 
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other providers of shelter material, may hold their products, either in 
the raw or partially manufactured state, until they get what they 
demand; but all food and clothing come from the soil, and the farmer 
owning the soil cannot afford to strike. He, however, is likely to do 
something that will be more drastic than going on a strike. He will 
produce what he needs to feed himself and his family, while he and his 
boys will go to the city and make much more than they possibly can 
on the farm. Argument is of no value in presenting this point. Facts 
are more potent than logic. Under present conditions there is every 
reason that the strong and vigorous man, be he poor or rich, should go 
to the city. 

A few days ago a wealthy manufacturer, with his shops located in a 
most charming village so far as natural scenery is concerned, came to me 
complaining bitterly because there is no physician in his place. He 
pointed out the natural beauties and advantages of the location. I 
asked him whether his family lived in the village. He said no, his 
family lived in Detroit. I asked why. He said, “There are in the city 
educational and social advantages that do not exist in my village.” 
“But,” said I, “you expect a young physician with the prospect of a 
family to live where you will not permit your own family to live.” This 
is exactly the situation prevailing over a large part of the country. 
I am told that in a certain section of Illinois where the surface produces 
the best corn in the world the farmer and his sons are working beneath 
the surface in the mines, while the wife and younger children are scratch- 
ing the surface and producing just enough to feed themselves. I am 
also informed that more than one-third the acreage of the State of 
Michigan will not be under cultivation the present year. As I see it, 
the time is coming and coming quickly when the scarcity of food and 
clothing will drive the people from the cities to the country. This will 
right itself in time, but at how great a cost to the nation I am not 
able to estimate. 

In England, where there is so little land, the people apparently desire 
to get near it and are building garden cities, like Letchworth, Port 
Sunlight, and other places. In this country, where we have so much 
land, we try to get as far from it as possible, and the importance of a 
city is estimated by the number of high buildings it possesses. 

In our cities nearly one hundred per cent of the adult inhabitants 
are already infected with tuberculosis. It is a serious question how 
nearly normal any individual or mass of individuals can be when all 
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are infected with the bacillus of tuberculosis. I am inclined to the 
opinion that the well-nigh universal infection with tuberculosis now 
existent among us is already telling upon our national character. If 
universal infection with malaria had anything to do with the decline 
of Greek and Roman civilization, what may universal infection with 
tuberculosis do for us? It may be that some twenty centuries in the 
future some learned professor will write a monograph, entitled: ‘“Tuber- 
culosis as a factor in the decline of the civilization of the twentieth 
century.” 

We are very properly establishing tuberculosis sanatoria, hospitals, 
and colonies for the care of those afflicted with this disease. We must 
continue to do this, but we must realize that we shall never eradicate 
the disease by these measures. 

In order to eliminate this disease and its evil consequences, whether 
they be manifest in increased death rate or in increased morbidity, there 
must be radical changes in our methods of living. When the young 
city minister, lawyer, doctor, clerk, or artisan develops tuberculosis, 
if we detect the disease in its incipient stage, we send him to a sanatorium. 
There we give him complete rest, good food, and instruct him in methods 
of living; but when his time is up, what can he do? There is only one 
thing for him to do, and that is to return to his former vocation, and in 
the majority of instances he relapses, spreads the disease to his family 
and others with whom he comes in contact, and finally himself dies 
from it. Wise men see these things and attempt to supplement the 
tuberculosis sanatorium with the colony, where the young man is taught 
some light handicraft, preferably something that will enable him to live 
out of doors; but he cannot stay in the colony indefinitely and when 
he comes out to practise this recently acquired handicraft he must 
compete with men who have been in this specialty all their lives. Neces- 
sarily he is a failure and he goes back to his old life with almost uniformly 
the result as indicated above. : 

We must clothe agricultural labor with greater dignity and reward 
it more liberally; we must surround it with all the educational and 
cultural conditions which are now found only in the city. Every boy 
and girl should have a manual as well as a mental education. 

Unskilled labor is now demanding six working hours a day and five 
days a week, and we sneer at it for making such a request. If every 
adult worked four hours a day in some productive capacity there would 
be no scarcity in any of the necessities of life. It is estimated that even 
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with crude agricultural implements the average number of hours per 
year necessary to get the greatest production from an acre of land 
amounts to only two hundred and twenty. There is much justice in 
the demand of the unskilled laborer, but the trouble is that he at present 
would not wisely spend the remaining eighteen hours. A large number 
of unskilled workmen break down at present from tuberculosis, but their 
misfortune is not always due to hard labor; rather to the manner and 
place in which they spend their nonworking hours. 

I am told that tuberculosis is a result of our civilization. I prefer 
to say that it is an incident of our civilization, and when we become 
really civilized we shall not be content to live in cells, be they crude 
or be they gilded. Most of the so called educational and cultural 
advantages of the cities today are not worth anything and many are 
positively injurious. We are gregarious animals. We flock together; 
we like to live in crowds; we find enjoyment when we mingle in great 
numbers; we are not yet intellectual enough to live in even partial 
isolation. The masses, both rich and poor, fail to find enjoyment in 
the library, in the workshop, in the garden, or in the field. 

It must not be concluded from what I have said that I am a pessimist 
in the fight against tuberculosis. I certainly am not. Man will ulti- 
mately eradicate this disease just as he placed malaria, yellow fever, 
typhoid fever, the bubonic plague, and other diseases under his authority, 
but before he accomplishes this great task there must be a radical change 
in his manner of living. In the meantime, it is our duty as physicians 
_ and health workers to educate the people, especially the children, to 
build sanatoria and colonies, but we must recognize at all times that 
these are only milestones on the road of human progress and that they 
must be passed and left far behind before man reaches that degree of 
intellectuality which is essential to proper living. 

There has been much discussion in Congress recently over universal 
military training. I believe most heartily in the draft. Every American 
citizen should be required to do his duty, alike in war and in peace. I 
believe in universal disciplinary training and I should like to join a 
political party which would favor the drafting of all young men from 
seventeen to twenty years, compelling them to do agricultural work 
for three months out of each year. If it be the duty of every citizen 
to protect his country against a foreign foe, and I take it that there is 
no division on this point, it should likewise be the duty of every citizen 
to contribute to the production of the necessities of life. Privately 
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owned land should not be allowed to lie idle and unproductive while 
the owner is waiting until the energy and industry of others render it 
more valuable. I may not see things straight, but as I look into the 
future it appears to me that the greatest need of our people is increased 
production of the necessities of life. If this be true, the Government 
' should make every effort to favor agriculture, even if it be necessary to 
occupy privately owned lands temporarily. 

Much enthusiasm is now being manifested for vocational therapy. 
We are boasting that we are going to train our ex-soldiers who have 
suffered impairment, either through wounds or disease, in some useful 
vocation. Vocational therapy has its place and should be fully employed, 
but like all other therapeutic agents, its range of usefulness is exceedingly 
limited. The enthusiasm with which we talk about it is in inverse 
proportion to the soundness of thought that we bestow upon it. It 
is true that there are some men who will not only take care of them- 
selves, but will even do great things and far surpass their average fellows, 
after they have met with some mutilating misfortune. Within my own 
narrow circle of acquaintances I know one man who, although he was 
deprived of his sight many years ago, has made of himself since that 
accident a great authority in the chemistry of steel andiron. One of 
my most honored professional friends has been totally blind since he 
was twelve years of age. We all know men who have done great things 
after losing a hand or a leg, or sight, or hearing. We know men who 
have done great things even while tuberculosis was constantly sapping 
their strength and shortening the road to the grave; but these are ex- 
ceptional men, and no amount of patience, enthusiasm, or good sense 
will convert thousands of soldiers who, have acquired tuberculosis into 
skilled mechanics, who will be able not only to support themselves but 
their families. The exaggerated enthusiasm that we are displaying for 
vocational therapy and the good that we are claiming is to come from 
it are more complimentary to our good intentions than to our intelligence. 
I’believe in vocational training. Every individual should have it, but 
it should come in youth and as part of the education supplied by and 
demanded by the state. 

The tuberculosis problem is so intimately bound up with those pertain- 
ing to the general public health that its detachment is impossible. It 
has been shown by figures that the introduction of pure water supplies 
and improved sewage disposal has not only reduced deaths from typhoid 
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fever and other intestinal diseases, but also saved thousands from tuber- 
culosis. A large number of typhoid patients carry latent tuberculosis, 
and even when they recover from the more acute infection they fall 
victims to the more insidious and pertinacious invader. Each has his 
special panacea for doing away with tuberculosis. One thinks that the 
great cause of this disease is alcoholism; another that it is insanitary 
housing; and yet another that it is need of fresh air. Underfeeding, 
insufficient clothing, imperfect lighting and ventilation in homes and 
in factories, infected dust, and many other things are held responsible 
for the wide prevalence of this disease. Yes, it is each and every one, 
and all of these untoward conditions of life which convert the latent 
tuberculous case into an open one, remove the seal from the culture 
tube and scatter its contents broadcast. 

Measles, scarlet fever, diphtheria, influenza, and various other acute 
infections prostrate many of those with latent tuberculosis, possibly 
taking their death toll from many, but even those who recover find 
that their span of life has been materially shortened, because the inter- 
current disease has so weakened bodily resistance that sleeping tubercle 
bacilli have awakened and have fallen more earnestly and more effec- 
tively to their work of the destruction of vital organs. War, famine 
and pestilence have in the last few years materially reduced the popula- 
tion of certain areas, but the deaths caused by these agencies directly 
will be greatly increased by the wider prevalence of tuberculosis 
among those who have survived. The death rate from tuberculosis 
is climbing already in every country which has felt the effects of the 
World War, and it will probably be many years before this rate falls 
to the pre-war level. It may possibly be that the World War will 
ultimately give the people who engaged in it better government and 
better conditions of living, but for some years to come we must expect 
the tuberculosis death rate to go up in every country in direct proportion 
to the increased stress and strain of living which have been imposed 
upon its people. 

It is an old and repeated observation that tuberculosis is a frequent 
sequel to measles, scarlet fever, whooping-cough and other acute infec- 
tions. Whether these diseases cause lesions, thus affording more ready 
entrance of tubercle bacilli into the body, or whether the sequence is 
due to an awakening of already established tuberculous foci, may be 
a matter for debate. Probably both things happen. Measles, for 
instance, is accompanied by marked alterations and with the production 
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of many minute lesions in the mucous membrane of the respiratory 
tract. Through these breaks in continuity tubercle bacilli may more 
easily than under normal conditions find their way into the body. How- 
ever, there are reasons for believing that measles not only opens up new 
portals for infection, but that in the majority of instances, where the 
sequence beween these diseases is noted, it is due to previous infection 
with tuberculosis. The tuberculous processes develop so quickly after 
measles that it is hardly possible, at least in the majority of instances, 
to suppose that infection with tubercle bacilli has not preceded the acute 
attack of measles. Moreover, there is scientific testimony which, if 
we interpret aright, bears upon this question with great weight. It 
has been frequently observed in cases where the tuberculin test has been 
made that prompt and vigorous response has followed, showing undoubt- 
edly the existence of tuberculous infection. When cases of this kind 
are attacked by measles, both during the attack and for some time 
thereafter, they fail wholly or partially to respond to the tuberculin 
test. Response to the tuberculin test indicates, as we understand it, 
that the body cells have been sensitized and are pouring out secretions, 
the purpose of which is to counteract the multiplication of tubercle 
bacilli in the body. When measles comes on in a tuberculin positive 
individual these specific secretions evidently lose, for the time being 
at least, something of their specificity and are utilized in the combat 
with the measles virus. Consequently, when the Pirquet test is made, 
cellular secretions fail partially or altogether to have any digestive action 
on the tuberculin introduced in the scarified tissue. This is a result 
which we can see, and we assume that a similar phenomenon is taking 
place in the one or more tuberculous foci which may exist in the body; 
in other words, the body cells being threatened with subjugation by the 
virus of measles turn their every energy into combat with this foe, and 
even ~o so far as to withdraw those agencies whose specific purpose it 
has been to combat the tubercle bacilli. During the continuance of 
the attack of measles these antituberculosis secretions are exhausted. 
They have spent their energy not in combat with that enemy against 
which they have been trained, but against one which threatened speedier 
and more widespread destruction; in other words, the offensive weapons 
of the body cells have been for the time withdrawn from the siege of 
tuberculosis forces and turned against a new enemy which is advancing 
over wider areas and possibly threatening points of great strategic 
importance. If this be true, and there can be no question about 
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the frequency and promptness with which tuberculosis develops after 
measles, there can be no question about the importance of preventing, 
controlling, and modifying the attacks of measles in our effort to secure 
a reduction in the number of cases and deaths from tuberculosis. Not 
only is this true, but the matter is even of wider significance. Before 
the attack of measles comes on the individual in the case has latent 
tuberculosis. He was not a source of danger; he could go among his 
fellow-men, although he had tuberculous infection, without disseminat- 
ing this infection in any way. The attack of measles converts this 
individual into an open case of tuberculosis, and not only shortens his 
life but renders him so long as he does live a distributor of the disease. 
It may be just as dangerous, both to the individual and to the community, 
to expose a case of latent tuberculosis to measles, scarlet fever, or whoop- 
ing-cough, as to expose again such an individual to tuberculosis. Since 
practically all of us are infected with the tubercle bacillus, every acute 
disease is an intercurrent phenomenon and gives opportunity for the 
advance of the tuberculous processes. 

I have tried my best to study the problems of tuberculosis as they 
now confront us in an optimistic spirit. I have even convinced myself 
that the present high cost of living, of which we complain so constantly, 
will ultimately prove of benefit to the health of the masses. As I see 
it, the high cost of living is in part due to the improved conditions of 
living demanded by the masses of the people. Those who formerly 
lived in shacks are demanding houses, those who a few years ago were 
content to pass their existence in crowded, unlighted, unventilated 
tenements are now seeking apartments; in fact, there has been a general 
move upward from the poorest classes, all demanding and in part secur- 
ing better housing conditions. In this I try to see, and I think that 
I have some justification in perceiving, a tendency to the improvement 
of the living conditions of the masses of our people. 

In a democratic country like ours the hovel and the palace are alike 
out of place. There should be neither, but every family should own 
and occupy a modest, sanitary home, with space enough about it for 
the cultivation of at least a moderate amount of food-supplying plants. 
This should be the ultimate goal sought by every truly democratic 
nation. Until some approach is made towards securing this condition 
we cannot hope to reduce disease to a minimum, to have a contented 
and prosperous people, to secure a stable and progressive government. 
I am aware of the fact that he who preaches the abolition of class dis- 
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tinction and equality in the possession and enjoyment of the necessities 
and comforts of life is generally regarded as a wild dreamer and classed 
as a more or less dangerous socialist; however, all advance in civilization, 
all betterment in the race, and every step in the progress of mankind, 
demonstrate that these are the final objective points for which the 
sanitarian, the educator and the statesman should strive. After all, 
the one thing that marks the progress of the race is the relative number 
of physically, mentally and morally acceptable citizens existing in a 
given generation. The standard by which we measure the progress of 
mankind cannot be applied to the individual, but must be applied to 
the masses. We boast, with good reason, of the civilization of to-day. 
We claim that it is higher and more nearly perfect than that of any 
preceding age. In making this claim we would lose our case in any 
fair court if we based it upon a comparison between a small number of 
our greatest men in any department of learning with a similar number 
chosen from the pages of Greek or Roman history. Our boasted civili- 
zation depends for the soundness of its claims upon the fact that there 
never was a time when the average of human life was longer, when there 
was greater freedom from disease, when there was a smaller number of 
the ignorant and dishonest. Race progress is not measured by the 
occasional appearance of giants in any line of endeavor, but is determined 
by the stature of the average individual. A few multimillionaires do 
not make a country rich and prosperous. An occasional great statesman 
in our Congress is not able to secure for us the most beneficent laws. 
Not one, not even a dozen Oslers make the medical profession of this 
country or England either skilled or learned. The measurement in all 
these things must be applied to the average individual. 

The rate of progress to be made in the contest with tuberculosis will 
depend upon political, industrial, and educational conditions to a much 
greater extent than upon the efforts made by the National Tuberculosis 
Association or any other agency specifically directed to this subject. 
The problems of tuberculosis are so complicated and are so interwoven 
with everything else that pertains to human welfare that they cannot 
be studied satisfactorily and exclusively as isolated propositions. As 
individuals especially interested in these problems, we should never 
lose sight of them in any of our multitudinous activities. There are 
certain things in which the problems of tuberculosis are so plainly 
involved that they should receive our constant attention. In the first 
place, man is an animal; and it is highly desirable that he should be a 
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healthy animal. Without health he cannot function normally, whether 
this functionating involves physical, mental, or moral activities. We 
should, therefore, advance so far as we possibly can every rational 
proposal to improve the health of the people at large. Man is not only 
an animal, but he is a thinking animal and his thought processes can 
be trained. This we call education. No ignorant nation, and by this 
I mean one with any large proportion of illiterate people in it, can be 
a healthy people. We must, therefore, encourage and direct education, 
both general and specific. Every child in every public school in this 
country should be taught the facts concerning the transmission of all 
infectious diseases, not only tuberculosis, but other infections as well. 
No animal can remain healthy under insanitary conditions; therefore, 
proper housing of all the people should be our aim. Therecan beno 
proper physical, intellectual, or moral growth without an adequate 
supply of good food. We should favor every measure for increasing 
and making more abundant food supplies. These are broad principles 
which should determine the daily activities of every thinking man. 

There are certain special things which the scientific expert only can 
do. I have not lost hope of the possibility of the discovery of some 
agent which will increase the resistance of the body cells of man against 
the invasion of the tubercle bacillus. It is not my intention to go 
specifically into this matter at this time. I do earnestly hope that the 
National Association will devote a considerable sum during the next 
few years to research work along this line. A review during the past 
few months of all the literature bearing upon the phenomenon of reinfec- 
tion or superinfection in this disease has awakened in my mind at least 
a strong hope that something can be done in the way of vaccinating our 
children against this disease. We have a number of men belonging to 
this organization who are quite competent to undertake this work, and 
I earnestly hope that the National Association will set aside a sum of 
money sufficient to enable these men to carry out these investigations. 
This is the one recommendation which your retiring president desires to 
emphasize at the close of his term of office. 
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SEROLOGICAL STUDIES ON TUBERCULOSIS 


THIRD CONTRIBUTION: CONCERNING PRECIPITINS AND COM- 
PLEMENT-FIXING ANTIBODIES 


YOSHIO NISHIDA ann S. A. PETROFF 
Trudeau Sanatorium, Trudeau, New York 


One of the most interesting problems in serology, as well as one of the 
most difficult of solution, is the specificity of serum reactions. We 
possess a wealth of experimental data relating to the specific immune 
bodies formed in the sera of animals injected with either dead or living 
microérganisms. Different serum reactions from time to time have 
been discovered, some of which have been applied very successfully in 
clinical medicine, while others have not been so practicable. Their 
specificity is indisputable and they have many characteristics in common. 
Sera, giving various reactions, may arise either from artificial stimulation 
or they may sometimes be found present normally. 

The observation of antibodies to specific bacteria in the serum of 
normal individuals, who give no history of having previously experienced 
an infection, is mentioned by many investigators who consider their 
relation to acquired immunity. It must be taken in consideration that 
in some of these cases a disease is not necessary for the development 
of such an antibody. A reaction so obtained may be a response to an 
infection which is not followed by a clinical disease, or it may be the 
manifestation of a natural or normal antibody. The inability of ex- 
plaining positive reactions with the sera of apparently normal individuals 
has discouraged many investigators, and has cast considerable doubt 
on the reliability of serum reactions. It is very difficult to explain the 
persistence of normal antibodies, as for instance the presence of normal 
diphtheria antitoxin, the fact that quite few persons fail to give a positive 
Schick test, or that positive tuberculous complement fixation occurs in 
about 8 per cent of apparently normal individuals. It is probable that 
the mechanism of antibody production is a metabolic function resulting 
from physiological hyperactivity of the cells. 
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The phenomenon of antibody formation is not at all limited to bacteria 
or bacterial derivatives like toxins, etc., and it cannot be looked upon 
merely as a complex mechanism existing for the primary purpose of 
protecting the body against infectious disease. It can be demonstrated 
where any form of protein is injected in the animal body. 

The serum reactions, and especially that of complement fixation, have 
been one of the principal studies in our laboratory for the last six years. 
From time to time we have published results dealing with the different 
phases of the reaction. It will be perhaps of some interest to review 
some of the work done by one of us during these last six years. 

In the first paper which appeared in 1917 (1) we presented a broader 
study of the reaction of complement fixation in tuberculosis based on 
clinical and experimental data. The second paper, in 1920 (2), dealt 
chiefly with the experimental side of this phenomenon. In this second 
paper an attempt was made to determine the antigenic properties of 
the tubercle bacilli giving rise to the reactions and the chemical nature 
of the antigens was fully discussed. Our view of the mechanism of the 
reaction was presented. 

In this third communication we are presenting studies on the nature 
of the antibodies responsible for the reaction. Their physical and 
chemical properties will be discussed. The phenomenon of precipitins 
observed will be presented, as it has occurred in the serum of experi- 
mental animals. 

In discussing the nature of antibody-antigen reactions we are very 
much hampered by the fact that antibodies have never been isolated in 
a pure state. In a reaction like complement fixation, we naturally 
observe the effect brought about by the interrelation of certain compo- 
nents in a highly complex and inseparable mixture. There is no question 
but that the reacting component appears to be colloidal or else to be 
one markedly influenced by a class associated with such substances. 

It seems natural that, in order to make any progress in our knowledge 
in comprehending this phenomenon, we must study the nature of sub- 
stances with which we are working. Results presented in this paper 
are few and of minor importance, but we believe they may add a few 
more observations to our knowledge of serology. 

In the following study on the antibodies responsible for the reaction 
we used several sera in determining the nature of antibodies. Large 
amounts of blood were necessary in order to obtain any results and 
continuous bleeding was required. In 1916 the serum of a cow spon- 
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taneously infected with tubercle bacilli was used, but it was soon dis- 
carded for the following reasons: first, we did not know the type of 
the organism causing the disease, and second, the duration of the disease 
was unknown. The second experiment was carried on with the serum 
_of a sheep which, previous to sensitization, had been tested with tuber- 
culin. The blood was tested for complement-fixing antibodies before 
immunization and for such immunization a known type of tubercle 
bacilli was used. Sheep are well known to develop a high sensitiveness 
to tuberculin after inoculation. 


ANTIBODIES DEVELOPED IN SHEEP SERUM 


Tubercle bacilli were carefully weighed and suspended in 0.85 per cent 
salt solution. First, intravenous inoculations were made with organisms 
which had been heated at 60-65°C. for half an hour. This was followed 
with gradual increase in amounts of human tubercle bacilli, H37._ Every 
inoculation was followed by elevation of temperature and discomfort, 
and the animal became drowsy and refused to eat. There were eleven 
inoculations of human tubercle bacilli given, suspended in 0.85 per cent 
saline solution, in a period of five months. The titre was 0.0001 cc. 
of serum for the complement fixation reaction. It was interesting at 
this point to see what would be the effect on the titre of complement 
fixing antibodies if the human tubercle bacilli to which the sheep have 
natural immunity were followed by an inoculation of bovine tubercle 
bacilli of known virulence. From the table (table 1) it can be clearly 
seen that a decline of titre occurred after such an inoculation. The 
reaction followed by the inoculation of bovine tubercle bacilli was much 
more severe than that followed by the human tubercle bacilli and the 
titre of the complement-fixing antibodies dropped from 0.0001 cc. to 
0.0005 cc. Unfortunately the animal after the third inoculation died 
of. pleuropneumonia, and at the autopsy no tuberculosis could be 
demonstrated. The table gives the details of intervals of inoculations, 
amount of tubercle bacilli used and the development of the complement- 
fixing antibodies as observed in the complement fixation test. 

A second animal was selected for immunization, with the object of 
seeing what effect was produced on the antibody production by an antigen 
rich in split lipins from tubercle bacilli and the tubercle protein. 

For this purpose methyl alcohol extract antigen was selected, because 
it has given us fairly good results in the complement fixation test and 
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is very stable. Ground tubercle bacilli were mixed in proportions as 
described in our first paper (1), left in an incubator for several weeks 
and in the meantime shaken. The antigen was then evaporated to 
dryness and, when used, was taken up with 0.85 per cent sodium chloride 
solution. This was then injected mtravenously at different intervals 
and the sera studied for complement-fixing antibodies. From the table 
(table 2) it can be seen that the production of antibodies by using such 
an antigen was very slow. The titre of antibodies was only 0.025 after 
the seventh injection. At this point inoculation of living human tubercle 
bacilli was started. The result after such inoculation was striking. 
The titre after the third inoculation was tenfold, 0.0025 (see table 2). 

It is evident that the ideal organism for obtaining a high titre of the 
antibodies is one not altered by chemicals or heat, but one that is living 
and virulent. This fact has been brought out by many investigators. 
Sanborn, in summarizing the literature on the use of dead and living 
organisms, concluded that unheated organisms have proved by far 
superior to the killed organisms, a fact which was corroborated by our 
experiments. 

The sensitization of our animals was carried along until the antibodies 
could be demonstrated in very high dilutions. As soon as we were 


satisfied with the antibody titre, large amounts of serum were obtained 
and various studies were made on the nature of the antibodies. 


THE EFFECT OF HEAT ON ANTIBODIES 


The effect of heat on inactivation was first studied. The serum was 
diluted 1 to 20 and distributed in small test tubes and heated at vari- 
ous degrees from 56° to 100°C. This study was undertaken to see what 
parallelism existed between the antibodies responsible for the Wasser- 
mann test and the complement-fixing antibodies in tuberculosis. Tables 
3 A and B, below, give the details of the effect of heat on the antibodies: 

The antibodies demonstrated in the sensitized sheep sera are not 
destroyed even at 60°C. for thirty minutes. It will be noted from the 
tables that they are not at all altered and that the titre remains the 
same. At 70° they are practically destroyed, that is, the strength of 
the antibodies when the serum is heated at 70° is only 2 per cent of the 
strength when serum is heated at 56°. How does this compare with the 
antibodies responsible for the Wassermann reaction? It has been shown 
by Noguchi (3) that a positive syphilitic serum loses 0.9 of its titre of 
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antibodies when heated at 56° for sixty minutes. This loss does not 
take place, however, when a serum containing tuberculous antibodies 
is heated. From protocols we may safely conclude that the two anti- 
bodies are distinct in their behavior to heat. It must be remembered 
that such results were obtained with the sera of experimental animals 
and, if the antibodies present in the sera of patients resist such heat, 


TABLE 3a 
The effect of heat on antibodies 


AMOUNT OF SHEEP’S SERA 

0.05 0.01 0.005 0.001 | 0.0005 | 0.0001 3 #8 

s 

5 minutes heat sera... 0 | 0 
10 minutes heat sera... +++ | 0] 0 
20 minutes heat sera... +++ | 0] 0 
30 minutes heat sera... +++ | 0/0 
60 minutes heat sera... +++ | 0} 0 
90 minutes heat sera... +++ | 0/0 
120 minutes heat sera... +++ | 0] 0 


TABLE 38 
Effect of various degrees of heat on the antibodies 


AMOUNT OF SHEEP’S SERA 


0.01 0.005 | 0.0025 | 0.0005 | 0.00025 | 0.0001 | $ a2 

|0 

0 | 0 

56°C.—30 minutes...... 0] 0 
60°C.—30 0] 0 
70°C.—30 0 0 0 0 
80°C.—30 minutes...... 0 0 0 0 0 0 0; 0 
100°C.—30 minutes...... 0 0 0 0 0 0 0; 0 


it offers a safe inactivation of the sera whereby the cross fixation may 
be completely eliminated. But before such a conclusion is drawn much 
work must be done to corroborate this finding. 


DIFFUSIBILITY OF THE ANTIBODIES 


The diffusibility of the antibodies was next investigated. Much work 
has been done on other antibodies, and we considered that a repetition 
might be of value to corroborate that done by previous observers. For 
this purpose sera were dialyzed for different periods of time. 
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Collodion sacs were prepared by dissolving one ounce of collodion 
in 500 cc. of a mixture of equal volumes of ether and ethyl] alcohol. 
This was left standing and now and then shaken up in order to dissolve 
it completely. A brownish sediment settled out and it was then used. 
The sacs were prepared by coating the inside of test tubes, and dialyzers 
thus obtained were tested for their diffusibility. Small amounts of 
sera were very carefully put in the dialyzers with sterile capillary pipettes 
and dialyzed against 0.85 per cent salt solution. The dialysate was then 
tested every few hours and the results showed that the antibodies con- 
cerned are colloids in their nature similar in diffusibility to the antibodies 
obtained by immunizing animals with other microdérganisms, a fact 
demonstrated previously by many investigators. 


EFFECT OF X-RAY RADIATION 


The effect of X-ray radiation on the complement and the antibodies 
was then undertaken. Considerable work has been reported in the 
last few years on the effect of X-ray radiation on antibodies. The 
results obtained by various workers have been very contradictory. 
Most of the work, however, has been done on the effect of such radiation 
on the production of antibodies and the complement in vivo. Murphy 
and Ellis (4), by exposing normal and splenectomized mice, found marked 
differences of susceptibility to tuberculosis in the radiated animals. 
Warner (5) believed that animals exposed to X-rays showed an increased 
production of complement, while on the other hand Simonds and Jones 
(6) found no difference in the agglutinins and precipitins between exposed 
and normal guinea pigs. The latter also found that the animals exposed 
to X-rays did not show much variation in the complement-fixing anti- 
bodies and the opsonins from the normal. Hektoen (7) obtained the 
same results. In a careful review of the literature we failed to find 
any account of the effect of X-ray radiation on tuberculous complement- 
fixing antibodies in vitro. 

The object of our experiment was to find out what was the effect of 
X-rays on antibodies in vitro. The sensitized sheep serum was diluted 
1 to 10 with 0.85 salt solution and 2 cc. of the diluted serum was distributed 
in small test tubes having very thin walls. All tubes were subjected 
to the following radiation: Coolidge tubes 5 milli-amperes, 9 inches 
spark, 7.5 inches distance and exposed at different intervals. Tables 
4 a and B give the details. 
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TABLE 4a 
Effect of X-ray radiation on antibodies 


AMOUNT OF SERUM 


0.05 0.01 0.005 0.001 


TABLE 438 
Effect of X-ray radiation on antigen. 


TITRE OF ANTIGEN 1-20 DILUTION 


0.1 0.08 0.06 0.04 0.03 0.02 0.01 


Exposed 2 
Exposed 4 
Exposed 6 
Exposed 8 
Exposed 10 


The same technique was also carried out with guinea pig’s sera to 
note the effect of radiation on the complement, as shown in table 5. 


TABLE 5 
Effect of X-ray radiation on complement 


AMOUNT OF COMPLEMENT. 1-20 DILUTION 


0.25 0.2 0.15 


C.H. C.H. 
C.H. C.H. C.H. 
Exposed 2 minutes C.H. C.H. C.H. 
Exposed 3 minutes CH. C.H. 
Exposed 4 minutes Ca. C.H. 


Th ~ rh Th 
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. 
0.1 0.0005 | 0.0001 | 8 a3 
Not exposed..../++++ 0] 0 
Exposed 2 min- 
++++/++++] 0] 0 1 
Exposed 4 min- 
0/0 
: Exposed 6 min- 
utes.........J-+++ ++++/++++4] 0] 0 
Exposed 8 min- 
Exposed 10 min- 
| ++4+4+/++++4+/ 0] 0 
I 
t 
a 0.1 0.05 
P.H. N.H. 
PH. | NA. 
3 PH. | NH. 
PH. | NH. 
i PH. | NH. 2 
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- Failing to destroy the complement and the antibodies by such radi- 
ation, by elimination we tried to find where the error lay. The temper- 
ature during such radiation was then studied, and it was found that 
at seven minutes’ exposure the temperature under the tube was 44.5°C., 
a temperature sufficient to alter considerable units of complement. 
The temperature, however, was-that of the human body when a fan was 
used in cooling the X-ray tube. It seems that X-ray radiation has no 
effect on the thermolability of the antibodies and the complement. The 
positive results obtained by some investigators could not be corroborated 
by us. ‘There are so many factors which must be taken into consider- 
ation that a slip of technique may lead to a faulty conclusion. The 
fact that in our study the heat factor was eliminated, when the result 
was then negative, strongly suggests that the destruction of complement 
as reported by some workers is probably due to heat radiation and not 
to the rays themselves. 


EFFECT OF DIRECT SUNLIGHT ON ANTIBODIES 


The effect of direct sunlight on antibodies and on complement was 
also studied. Diluted serum was exposed for different times to direct 
sunlight and titrated. It was found that on warm days, when the 
solar temperature was high, a considerable amount of complement was 
destroyed, while, when the weather was cold and the temperature in the 
sun was not very high, very little complement was destroyed. 

We obtained, however, entirely different results when we subjected 
the complement and the antibodies to the radiation of ultraviolet rays. 
Here the destruction of complement took place in a short time and the 
temperature of the radiation was that of the body. Tables 6 a and B 


explain themselves. 
TABLE 6a 


Effect of ulira violet ray on antigen 


AMOUNT OF ANTIGEN. 1-30 


0.04 0.06 


NS 


+++ 


Control 
| 0.15 


0.01\ 0.03 0.08 0.1 0.15 

5 minutes...........| 0 ttt tit tttitttt 

20 minutes...........) 0 tH 
30 minutes...........] 0 teeth tt ett 
Normal untreated.....| 0 
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TABLE 68 
Effect of ultra violet ray on antibodies 


AMOUNT OF SERA 


0.025 


15 minutes 
20 minutes 
30 minutes 


oococo |0.00005 


0.0001 

0 
0 
0 
0 
0 


CHEMICAL NATURE OF ANTIBODIES 


A study to determine the chemical nature of the antibodies was then 
undertaken. The relation of the lipoids to biological phenomena has 
received much consideration in the last few years. The nature of the 
antibodies responsible for the Wassermann reaction has been extensively 
studied. Although the antibodies giving rise to a positive reaction 
have not yet been separated in a pure state it is generally believed among 
the serologists that the antibodies are lipoid in their nature. Thus 
Kolmer and Pearce (8) concluded that alteration in the lipoid content 
of the serum has an important bearing on the Wassermann reaction. 
Bergel (9) from his experiments concluded that a positive Wassermann 
reaction is due to the presence of lipase, which is produced as a result 
of the antigenic properties of the lues lipoid. Citron and Reicher (10), 
Peritz (11) and others maintain that the lipase content of the serum is 
considerably increased in luetics. 

Attention has not been attracted to the nature of the antibodies 
responsible for the complement-fixing antibodies in tuberculosis. ‘To 
determine their nature an extensive study was carried on, as to whether 
they are lipin or protein in nature. 

Fresh serum was carefully separated from the clot, and extracted with 
the following lipin solvents: Petroleum ether, carbon disulphide, carbon 
tetrachloride, acetone, ethyl alcohol, methyl alcohol, ether and benzol. 
One cubic centimeter of immune serum was mixed with the different 
solvents, shaken continuously for a long time, incubated, and extracted 
for twenty-four hours at 37.5°C. Thus the supernatant extract was 
obtained, pipetted off and evaporated to dryness. The residue was 
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Untreated sera.......... 0 
3 minutes..............| [| 0 
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taken up with 1 cc. of 0.85 per cent salt solution and shaken well in 
the shaking machine for one hour. The emulsoids thus obtained were 
tested for their complement-fixing properties. 

From the results obtained we are justified in concluding that the 
antibodies bringing about the complement-fixing phenomenon in tuber- 
culosis are not lipins. 


GLOBULIN NATURE OF ANTIBODIES 


Much experimental work has been done on the globulin nature of 
immune bodies during the course of pathological conditions. 

The first to study the nature of the antibodies very carefully were 
Pfeiffer and Proskauer (12), who found that the globulin fraction of 
cholera immune sera contained the substances responsible for the Pfeiffer 
phenomenon. Brodie (13) concluded from his experiments that the 
antitoxins are found in the globulin fraction of the serum. Pick (14) 
likewise found that the immune bodies were associated with the globulin 
and not with the albumins. Ledingham (15) found after immunization 
of several horses with diphtheria toxin that the titre of the antitoxin 
could be correlated with the titre of the globulin content. Rodham 
(16) observed that the antibodies of the antistreptococcus serum were 
very much more concentrated in the euglobulin fraction and not in the 
pseudoglobulin or the albumin fraction. Langstein (17) and Mayer 
obtained an increase of globulin and a decrease of albumin in the serum 
of infected animals. Glaessner (18), studying animals immunized with 
bacteria, toxins and animal proteins, noticed an increase in the serum 
globulins. But when the immunization was carried on very carefully 
by using small amounts of antigens this increase did not take place, 
and such increase was not necessary for the immune body production. 
Disagreement on his work rests in the fact that killed bacteria were used 
in the experiments. Tranter and Rowe (19) found that the globulin 
fraction was increased in all infectious diseases with the exception of 
acute tonsilitis, typhoid fever and certain mild infections. In syphilis 
the globulin was much increased, but it had no direct relation to the 
antibodies which give rise to the Wassermann test. 

One of the most complete works on this subject is that of Hurwitz 
and Meyer (20), who found that the progress of an infecton is usually 
associated with an increase of sero-globulins, provided that the infection 


is very severe. 
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Our aim in the first place was to determine whether the antibodies 
responsible for complement fixation in tuberculosis were present in the 
globulin fraction, and, in the second place, whether any increase took 
place after sensitization, and what the variation was when correlated 
with the titre of normal serums to that of the serum of the patient 
giving a positive reaction in tuberculosis. 

Ft. Globulins were obtained by half saturation of the serum of sensitized 
sheep, having a high titre of complement-fixing antibodies with 
(NHi,)2SO,. The mixture of serum and ammonium sulphate was prepared 
and after shaking for a short time it was centrifugated at high speed for 
ten minutes. The supernatant fluid which contained the albumin fraction 
was separated from the sediment which represented the globulin fraction. 
The two fractions were then dialyzed for a long time in order to remove 


TABLE 7 


Comparison of albumin and globulin fraction to untreated sera 


AMOUNT OF GLOBULIN FRACTION 


0.01 0.005 0.001 


Albumin frac- 
0 0 0 0 0 0 

Euglobulin. 
Untreated 


the ammonium sulphate. From time to time the dialysate was examined, 
and this was carried on until it was free from ammonium sulphate. The 
two fractions were then brought to the original volume and tested for 
their complement properties. 

Our knowledge as to what the relationship of the albumin is to the 
globulin is still meagre. It has been observed by many investigators 
that during the process of dialysis some of the globulin fractions which 
previously have been thrown down by half saturation of ammonium 
sulphate are soluble in water. According to the investigations of Hof- 
meister and Pick (21) the fraction insoluble in water corresponds chiefly 
to.a globulin fraction which is readily precipitated by ammonium sulphate 
(using 28-36 volume. per cent of saturated solution). The fraction 
soluble in water resists such a precipitation by the above percentage 
and larger amounts of saturated ammonium sulphate (36-40 volume) 


0.1 0.06 0.025 0.0005 | 0.0001 

be 
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must be used in order to bring about a complete separation. The 
former is the euglobulin, and the latter are the pseudoglobulins. Fol- 
lowing the method described above we separated the two globulins and 
the results obtained are presented in table 7. 

In this table we see that the globulins of the sensitized sera contain 
the antibodies which give rise to the complement-fixing phenomenon. 

The same thing was found to be true with the serum of patients giving 
a positive reaction. In our experience it seems that the antibodies are 
either part of the globulins or they are carried down with the globulins. 
It was also noted that there was some relation between the titre of the 
globulins and the strength of the complement-fixing reaction. 


OTHER SEROLOGICAL ANTIBODIES 


After the establishment of the agglutination reaction as a specific 
reaction, Kraus discovered a new serum reaction, that of precipitation. 
His work was soon confirmed. This reaction was observed not only 
when bacteria were used, but also with the use of any proteins. 

The question whether the various antibody reactions which may result 
from immunization with a given substance are really due to separate 
antibodies is very important. The evidence goes to prove that a-con- 
siderable degree of independence exists. Muir and Martin (22) have 
shown in the case of bactericidal, opsonic and agglutination properties 
of immune serum that these functions vary independently. Mackie 
observed that the complement-fixing antibodies and the agglutination 
phenomenon reaction are two entirely independent phenomena. 

As to what relationship exists between the precipitating and the 
complement fixation phenomenon, we are still uncertain. Wassermann 
and Bruck (23) and Friedberger (24) brought out the fact that the actual 
precipitation formation is not a criterion of fixation. The latter has 
shown that the precipitating power of the serum may be destroyed by 
moderate heat without a corresponding destruction of the complement- 
fixing antibodies. 

Dean (25) has analyzed the relation between precipitation and comple- 
ment fixation on the basis of extensive experimentation, coming to the 
conclusion that the proportion of antigen and the antibodies which is 
favorable for a rapid and complete precipitation does not favor the most 
complete complement fixation. He states that the two phenomena 
do not run parallel courses, and that they probably represent different 
phases of the same phenomenon. 


| 
4 
a 
4 


336 YOSHIO NISHIDA AND S. A. PETROFF 


One attempt after another has been made to apply this phenomenon 
for diagnostic purposes in tuberculosis with very little success. Baldwin 
(26) studied this question very carefully from the experimental point 
of view. Using rabbits and two different antigens in producing his 
antibodies, he obtained sera which gave him fairly good titres of pre- 
cipitins. His antigens were prepared by extracting tubercle bacilli with 
sodium bicarbonate. The supernatant fluid represented one of the 
antigens and the sediment the second antigen. After the immunization 
he found that there were no fundamental differences between tuberculosis 
precipitins. The differences were quantitative. 

Bonome (27) has claimed that he was able to differentiate between 
human and bovine tubercle by means of the precipitin: test. Stoerk, 
Szaboky and Porter (28) have applied with indifferent success this test 
in clinical tuberculosis. Time after time we have studied this phenome- 
non with the hope of establishing it as a test in tuberculosis, with very 
little success. We undertook an experiment for the comparison of the 
complement-fixing antibodies and the precipitins, and quantitative 
determinations of both were made at different intervals. 

For this study three different antigens were used. It was very es- 
sential to guard as much as possible against errors which may occur 
from using turbid antigens. In our study we used perfectly clear 
antigens. Potato filtrate, methyl alcohol extract and the clear super- 
natant fluid of glycerin extract antigens were used. 

We have stated in our former publication that the whole glycerin 
antigen gave us the strongest reaction in the fixation test, and that we 
believe that the antigenic properties depended largely on the properly 
dispersed phase of the antigen. This may be explained that if we 
separate our glycerin antigen into two components, supernatant fluid 
and sediment, we find that 80 per cent of the strength of antigenic 
properties is found in the latter fraction, while only 20 per cent can be 
demonstrated in the former. For example, when whole glycerin antigen 
was used, 0.0001 cc. of immune serum gave us a positive reaction, but 
the reaction could be demonstrated with only a dilution of 1 to 2000 
when the supernatant fluid of antigen was used. 

Active and inactive sera were used in this study. The serum was 
first diluted and then heated at various degrees, varying from 56° to 
80°C. for half an hour. It was demonstrated that the precipitins are 
much more readily destroyed by heat than the complement-fixing anti- 
bodies. Thus an active serum giving us a reaction of 0.0025 lost only 
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a trace of its strength when it was heated for thirty minutes at 56°. The 
change after such heating was only in the size of precipitating particles. 
At 60° for thirty minutes the loss of precipitation was 50 per cent At 
70° the loss wascomplete. Itis, then, clear that the antibodies responsible 
for this phenomenon are more readily destroyed by heating than the 
complement-fixing antibodies. The minimum time of incubation for 
the precipitation phenomenon was found to be thirty minutes. Con- 
centration of antibodies influenced the reaction considerably, that is, 
the reaction took place much more rapidly when the dilution of sera 
was high. The maximum temperature was twenty hours at 37.5°. 

The concentration of the antigen is one of the most important factors. 
The reaction is much more likely to occur when we use stronger antigen 
and diluted sera than when we use diluted antigen and strong sera. 


TABLE 8 


Comparison of complement fixation to precipitation 


DOSES OF SERUM 


0.0025 0.001 


Complement fixation 1-20 
dilution glycerin antigen... 
Precipitation 1-10 dilution 
Precipitation 1-10 dilution 
Precipitation, pure potato fil- 
trate antigen 


This led us to believe that the substances precipitated are part of the 
antigen and not part of the sera. 

It makes a great difference which antigen we use in the reaction. 
The unheated antigens always give us much better results than the 
heated. This is borne out by the fact that the potato filtrate antigen 
is the most suitable for the reaction. 

It seems to us that the precipitins and complement-fixing antibodies 
are probably the same antibodies. The former are not so easily demon- 
strated until the titre of the complement-fixing antibodies is very high. 
The failure to demonstrate such precipitins in the patients’ serum is 
due probably to their low concentration. It may be clearly seen from 
table 8 that the complement-fixing antibodies can be demonstrated 
fifty-fold over that of the precipitins. 


0.01 0.005 0.0005 | 0.0001 /ES 
++++]++++] 0 
0 0 0 
0 0 0 
0 0 0 
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Different methods of primary incubation of antigen-antibody-comple- 
ment in tuberculosis fixation have been compared to similar methods 
in the Wassermann test. The value of the ice-chest method used in the 
Wassermann test has been well studied by such men as McNeal, Coca, 
L’Esperance, Wile, and’ others, who strongly recommend the ice-chest 
method in preference to that of the water bath at 37.5°. 

The value of this method was studied at different intervals. After 
a careful study, running the two methods parallel, we came to the con- 
clusion that the water-bath incubation was much superior to that of 
the ice-chest method. The reaction was more constant and fewer 
intermediate reactions were observed. This we mentioned in one of 
our former publications. It was then stated that the optimum temper- 
ature of .a complete antigen-antibody-complement reaction was between 
35° and 40°, and this was corroborated in the later study. 


SUMMARY AND CONCLUSIONS 


1. Sensitized animal serum having a high titre of antibodies was 
studied. It was obtained by inoculation of sheep intravenously with 
human tubercle bacilli. The titre was 0.0001 cc. 

2. Dead tubercle bacilli or products of tubercle bacilli do not produce 
as high a titre of antibodies as the living organisms. 

3. Complement-fixing antibodies resist heat better than the anti- 
bodies responsible for the Wassermann reaction. A temperature of 
60°C. will not destroy the tuberculous complement-fixing antibodies 
obtained in experimental animals. 

4, X-ray radiation, when a full erythema-producing dose is given, 
does not destroy the antibody, antigen, or complement. 

5. Ultraviolet rays destroy the antibodies and complement, but have 
slight effect on the antigen. 
6. Sunlight at 1600 feet elevation has a slight effect on antibodies, 

more on complement and least on antigen. 

7. Complement-fixing antibodies are colloids. 

8. They aré not lipins chemically, but are either globulins or are 
adsorbed by the globulin. # 

9. The precipitins and complement fixation have been studied 
parallel with each otlier. The’ two antibodies responsible for the two 
different reactions are probably the same, but tepresent two distinct 
phases of one and the same phenomenon. 
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THE RELATION OF SOUND AND LIGHT TO THE INTER- 
PRETATION OF X-RAY EXAMINATIONS 
OF THE CHEST! 


J. J. SINGER 


From the Department of Internal Medicine, Washington University Medical School, St. Louis, 
Missouri 


As the lungs in life are beyond our direct vision and beyond our direct 
palpation we can only visualize the lungs by indirect methods. The 
indirect methods are the appreciation of the variations of sounds and 
light vibrations as they are altered in transmission through the lungs; 
and then only as these altered vibrations manifest themselves on the 
chest wall. In order to properly interpret these physical phenomona 
one must thoroughly understand the physical properties of sound and 
light. 


There are two meanings of the term sound. Sound is commonly applied 
to any sensation derived through (organ of hearing) the ear. In this sense 
the term sound does not exist for a perfectly deaf person, since the hearing 
organ is defective. No sensations of this kind are produced. The word 
sound is also used in a general way to indicate the external physical condition 
which precedes the production of the sensation, such as vibrations of the source 
and of the transmitting medium. In this sense sound exists independently 
of the hearer. In physics this latter meaning of the term is the one chiefly 
used (1). 


From the above definition of sound we can understand that vibrations 
or energy are an essential factor to be considered in the discussion of 
sound. Energy producing sound, as all other energy, diffuses rapidly 
from its source unless confined by conditions representing a greater 
force than the vibrations within. Sound waves travel in all directions 
from the source and travel to infinity. The character of the sound is 
not changed, but the energy rapidly diminishes by diffusion, inversely 
as the square of the distance. 


1 Read before the Sixteenth Annual Meeting of the National Tuberculosis Association, 
St. Louis, Missouri, April 23, 1920. 
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Figure 1 represents sound waves produced at point A diffusing in all di- 
rections and going to infinity. The energy at point A is represented by 100; 
the ten lines shown in the chart will represent energy of ten each. Assuming 
that it takes vibrations of an energy of thirty to activate the tympanum to 
produce the sensation of sound, it would become necessary to prevent diffusion 
of at least three lines, C, D and £ this can be done by the use of an instru- 
ment, such as the stethoscope), and to conduct this energy to the ear, before 
the sound in the first meaning of the term could be produced. 

It is the appreciation of the factor of diffusion of energy and prevention 
of diffusion, which may be called conduction, that makes the use of sound 
waves so valuable in making our deduction of lung condition. 


Fic. 2 


Fic. 1. The illustration is made to represent an energy of 100 at a source A, radiating 
in all directions. Each line represents an energy of 10, and the larger circle represents the 
summation of the ten lines, which is 100. 

Fic. 2. Illustrates a method by which the force of the energy, which ordinarily would ' 
diffuse in all directions from its source, can be prevented from diffusing by confining them 
by means of the stethoscope, and conducting to the ear. 


Vibrations of the chest wall are produced by the acts of breathing, 
whispering or speaking. As these waves have such weak energy as 
they leave the chest wall, the diffusion is prevented by placing a stetho- 
scope or the naked ear against the chest wall and the summation of this 
energy, as in figure 2, will produce enough energy to give an impression 
of sound. Each individual has a constant factor in the vocal cord and 
chest wall, and each hearer (physician) has a constant in the auditory 
apparatus. The variable factor is produced in the transmission of the 
energy through various densities of the lung. 
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I have constructed a chart, figure 3, to show the code used to translate the 
variations of vibrations in to lung pathology. In a previous paper, Relations 
of the Physical Signs to the Roentgen Plate in Pulmonary Tuberculosis, (2), 
I have shown the symbols I use, but I will again mention a few of them to 


clarify the chart: 


Pathological £ mphysema 
Ss 


resonunf 


onjestion. 
‘yPerema) 
WS 
MS+ 


BSree Bse Fluid. 
WS» WS - 


Resonance. MS ++ 
Compensatory Emphysema 4 


LEGEND. 
BS++Normal Breath Sounds. 
BS+ Decreased Breath Sounds. 
BS +++ Increased Breath Sounds. 
BS-Absence of Breath Sounds. 
WS+ Norma Whispered Sounds. 
WS++ Increased Whispered Sounds. 
WS+++ VeryLoud Whispered Sounds. 
- WS- Absence of Whispered Sounds. 
MS+ Sight /tuscle Sposm. 
MS ++Marked Muscle Spasim 
loparred Resonance. 
Duliness. 
@ Flomess 


t# rales 


Fic. 3. This illustrates the author’s chart to. show the variations of vibrations of the 
chest wall produced by the transmission of sound waves (energy) through different media. 
It must be understood that it is through the combination of the sound waves produced by 
percussion, breath sounds, and whisper sounds that an interpretation of chest pathology 
can be made. 


B. 
\ | 
Bronchitis 
> 
= 
| | 
| 
( 
‘ 
( 
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Percussion: represents a force used on the chest wall which is transmitted 
to the tissues beneath; the resulting vibrations travel in all directions. 
We are able to hear only the outgoing vibrations. The intensity and 
the pitch of these vibrations depend on the force of percussion, the air 
content of the tissue in vibration and the physical condition of the tissue. 
Figure 3 represents impaired resonance, dulness and flatness. 

Breath sounds (BS): are the vibrations produced on the chest wall in the 
act of breathing. These vibrations are of such weak energy that they are 
not appreciated by the naked ear, unless the head is placed against the chest 
wall or confined by the means of the stethoscope and conducted to the ear. 

Whisper sounds (WS): are produced by expiration. Air expelled from 
the lungs by expiration set the vocal cords in vibration and the sounds travel 
in all directions. We can appreciate the whisper sounds on the chest wall 
only by vibrations which travel downward, through the lung and out by the 
chest wall. The unit of lung consists of bronchus, bronchioles and alveolus 
as shown in diagram. 

It is estimated that there are 400,000,000 alveoli in the lung. As the aver- 
age lung volume is 4000 ccm., 1 ccm. equals 100,000 alveoli. If we assume 
that in auscultating over an area of lung we hear sounds from a depth of 3 
cm., we could appreciate sound yielded by one-half a sphere 14 cm. in circum- 
ference; in other words, we would hear combined sounds of 1,400,000 alveoli 
(3). We can readily see that any sound heard would come from an area at 
least 14 cm. in circumference, and thus it would be impossible to locate changes 
in lung tissue at any given point. Inthe X-ray interpretation of lung pathol- 
ogy which will be shown later, these areas will be shown in still smaller 
variations of changes. 


If we refer to figure 3 we see that the vibrations produced by breathing 
at A travel in all directions. Those that go upward, of course, never 
reach the chest wall. A large number of vibrations, consequently a 
great deal of energy, will follow along the lines of least resistance, that 
is, through the tube to a point B, where they will be diffused at the chest 
wall. Some of the energy will be lost through the tube walls themselves. 
At B the vibrations resulting are too weak to be heard without the use 
of a stethoscope or the applied ear, due to the diffusion. The character 
of the vibrations (vesicular breathing) I have designated in the chart 
as BS+-+. The whisper vibrations heard at this point will also be 
relatively weak; I call this vibration WS +. (This presumes the loss 
of a.great deal of energy from the vocal cords as the waves pass from A 
to B.) The percussion note over this area is resonant. We have then 
three factors upon which to base our impression of the normal lung. 
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The normal vesicular breath sounds, BS ++, the normal whisper, WS 
+, and normal resonance could only result from a good air content in 
that part of the lung. 

In explaining the sound heard at H, following the same line of reason- 
ing as from A to B, we have the vibrations coming from A travelling 
down the tubes with some loss through the walls, and the energy as it 
reaches the wall of the collapsed alveolus G is very weak. From G the 
energy diffuses through the dense media with still greater loss of its 
energy through diffusion plus the resistance offered by the dense media, 
so that at H the vibrations are entirely too weak to produce the sensa- 
tion of sound even with the use of a stethoscope. This I have designated 
BS —, or absence of breath sounds. The whisper being also relatively 
a weak form of energy is also diminished for the same reason (WS—). 
Percussion gives a flat note (high pitched). Analyzing this area 
we have again the three factors, diminished breath sounds, diminished 
whisper and flatness denoting diminished air content (4). 

The above illustrations serve to explain the passage of air in two dif- 
ferent types of transmitting media. Other variables are noted inthe 
chart by the variations of these three factors. We have therefore per- 
cussion, whisper sounds, and breath sounds over any area in their proper 
combination to give us an impression of the condition of that part of 
thelung. As the sound waves come from such a large area it is impossible 
to say at what point or points certain pathology exists, except in a gross 
way. In the X-ray, however, we have'variations of energy in points 
and will be explained later. 


RELATION OF LIGHT X-RAY AND PHYSICAL SIGNS 


In order to properly interpret the X-ray we must have a knowledge 
of the physics of light. A ray of light will travel in straight lines to 
infinity (just as any vibration will) unless it is refracted, reflected or 
absorbed. In relation to sound waves we found that sound waves 
follow the line of least resistance and will go through a tube no matter 
how tortuous the tube may be. This is an important factor in interpret- 
ing types of vibrations of light and sound. 

From a given source of light, rays will go in all directions and the 
intensity of the rays will vary inversely as the square of the distance. 
If the intensity of the ray is 1, at 3 feet it will be $ and at 7 feet it will be 
7s as strong. This is because of the tremendous diffusion along the line. 


INTERPRETATION OF X-RAY EXAMINATIONS 345 


In the ordinary physics of light this is spoken of as the illuminating 
power of the ray, but for our purpose I prefer to change the word 
“illuminating” to ‘‘penetrating.”’ 


TOWEL EXPERIMENT 


The rays seen when viewing a light through a towel are those that 
penetrate between the fibers, while the others are absorbed or diminished 
in energy by the fibers themselves. In thinking then of penetration I 
would prefer to think of the variations of vibrations resulting from the 
resistance offered to the passage of light waves (energy), just as in sound 
we have variations in vibrations due to densities. 

The X-rays, as given off from a tube, follow the laws of light in its 
penetrating powers. As X-rays penetrate various densities the potential 
of the individual rays, microscopical, as it were, are diminished in their 
path through the photographic plate. These millions of tiny forces 
penetrate the plate in straight lines so that the negative represents 
variations in vibrations (the densities in the chest being responsible 
for these variations of vibrations, just as sound). 

The all important difference is that the plate shows these differences 
in densities in straight lines—that is, differences between A and B are 
seen at the site; while by sound the density at A may be appreciated an 
inch or so about this area. 

Figure 4 is shown to illustrate the passage of the X-rays from the 
source through the tissues onto the plate. It will be noticed that as 
the X-rays penetrate the dense lines A and B, the potential of these 
rays are so reduced that they do not affect the plate, while the rays 
penetrating the air containing space between the lines A and B, meeting 
with a small amount of resistance such as air, affect the plate in such 
great energy that this area is dark. The plate, therefore, will show the 
lines A and B, with its air containing space, exactly as in the tissue 
itself. ‘The pneumonic area around these lines is shown by the white 
area on the plate. We thus can see that the variations in the potential 
im the energy of the X-ray manifest themselves over such minute areas 
that the plate becomes a rather high power “‘picture” of the various 
units of the lung. 

The combining ‘of the low power method (sound waves) with the high 
power method (light waves) and their proper correlation will give us 
the factors at our command in differentiating lung conditions. 


J. J. SINGER 


Fic. 4. A schematic drawing representing X-rays leaving the target of a tube in their 
path through tissue and through a photographic plate and on to infinity. The potential of 
the individual rays is diminished in the exact relation to the density of the media , through 
which they travel. It also represents the rays travelling in straight lines only; and thus the 
photographic negative shows A and B (walls of the bronchus with its contained air) in the 


same relation as they are in the tissue. 
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THE WORK OF THE COMMISSION FOR THE PREVENTION 
OF TUBERCULOSIS IN FRANCE IN THE 
DEPARTMENT OF EURE-ET-LOIR 


BERNARD LANGDON WYATT! 


A survey of the tuberculosis situation in France which was carried out 
in the summer of 1917 seemed to indicate the desirability of making a 
demonstration of the effectiveness of certain principles and methods of 
organization, an important part of the work of the Commission. 

The reason for this decision becomes clearly apparent when one con- 
siders the importance of the contributions of France to the tuberculosis 
problem from a scientific and clinical point of view together with the 
fact that in the United States a great measure of the success attained has 
been the result of intensive effort along the lines of organization and 
administration. 

A centralized form of government and the division of the country into 
territorial units, or ‘‘departments,’’ for administrative purposes were 
factors favorable to the Commission’s plan of a ‘‘demonstration unit;” 
because a single departmental organization could serve as a model for 
all of the other departments and any legislative acts passed by the 
Chamber of Deputies and the Senate would be effective in every one of the 
87 departments into which France is divided. 


FACTORS CONSIDERED IN THE SELECTION OF THE DEPARTMENT 


Much thought and consideration were devoted to the selection of the 
department in which the demonstration was to be carried out. For 
obvious reasons it was desirable that it should be located within a conven- 
ient distance of the Paris headquarters. The northern and eastern de- 
partments of the country were the scene of intense war activities and 
consequently the preliminary survey was of necessity directed elsewhere. 
Since 60 per cent of the population of France is rural and there are only 
15 cities with more than 100,000 inhabitants, a region mainly agricul- 


1 Associate Director, Commission for the Prevention of Tuberculosis in France, Inter- 
national Health Board. 
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tural but at the same time with some industrial activities was looked 
for. The tuberculosis death rate for rural France (communities under 
5000 inhabitants), is 1.52 per 1000 of the population and consequently 
the tuberculosis mortality rate of the department was a matter of im- 
portance. The standards of living, the local transportation facilities 
and the existing institutional accommodations were also taken into 
consideration. Lastly and most important were the people themselves, 
for upon their earnest and active interest and codperation the ultimate 
success and permanency of any plan carried out anywhere must depend 
to a very great extent. 


THE EURE-ET-LOIR 


The department of the Eure-et-Loir composed of portions of the ancient 
provinces of Orleanais, Normandy and Ile-de-France was finally decided 
upon. 

This department has a population of approximately 275,000 inhabi- 
tants, an area of about 1,500,000 acres and is divided into 4 arrondisse- 
ments, 24 cantons and 426 communes. Chartres, the chief city of the 
department, is located 88 kilometres southwest of Paris and numbers 
25,000 inhabitants. With this exception and the cities of Dreux, Cha- 
teaudun and Nogent-le-Rotrou, each with a population of from 8,000 
to 10,000, the inhabitants of the Eure-et-Loir live in small rural commun- 
ities. ‘There might have been certain advantages from the standpoint 
of combining the features of an urban and a rural demonstration organi- 
zation had the department contained a city with a population approach- 
ing 100,000 but this was considered and has, indeed, proved to be a 
factor of minor importance in view of the activities of the Commission 
in Paris and elsewhere. 

At Saint-Remy-sur-Avre which is located about 8 kilometers from 
Dreux, some 3000 men and women are employed in the manufacture of 
cotton goods and at Dreux employment is provided for from 700 to 800 
people in other industries. Dreux may therefore be said to be the centre 
of the industrial activities of the Eure-et-Loir. 

Topographically, the northern half of the department, (known as the 
Beauce), is flat and the inhabitants are engaged almost exclusively in 
agriculture, while the western half (perche), is rolling pasture land, and 
horses (the famous percherons), cattle, sheep and goats are raised there. 
In this connection it may be of interest to note that the psychology of 
the situation varied with the topography of the region and that it was a 
factor of very material and practical importance. . 
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While a matter of purely academic and historic interest, the fact that 
Pasteur did his experimental work on anthrax at Chartres has made the 
departmental work of the Commission of special interest and significance 
to all who have had the opportunity and privilege of sharing in it. 

The departmental death rate from tuberculosis was 1.62 per 1000 in 
1913. 

In every chief city of the arrondissements and almost every chief city 
of the cantons a hospital existed. In 1872 the Eure-et-Loir received a 
legacy which, among other things; provided for the establishment of hos- 
pitals in such chief cities of cantons as possessed no institutional ac- 
commodations and from this fund 7 small hospitals have been built 
and maintained. The utilization and incorporation of these institutions 
of the Fondation Texier-Gallas in the Commission’s plan of organization 
will be noted elsewhere. 

With reference to the local officials, the medical profession, the clergy, 
the school authorities, the various component societies of the French 
Red Cross and the other departmental organizations, it cannot be too 
strongly emphasized that to them belongs the greater share of the credit 
for the results obtained. It may be added that their intense interest 
and whole hearted codperation in a common cause may well serve as a 
model of teamplay of the highest and most successful order. 

A concrete example of the interest and initiative of the authorities in 
matters relating to public health is to be found in a recent report on de- 
population which was made by a special commission appointed by the 
General Council of the Eure-et-Loir. This report deals with practi- 
cally every phase and aspect of the problem in a manner which displays 
not only an extensive knowledge of the subject but also a thorough 
understanding of the measures necessary to improve many of the existing 
conditions. 


PLAN OF ORGANIZATION 


It was the aim of the Commission to codperate with the French in 
the organization of the following activities: 

1. A system of dispensaries for the examination of all patients and 
the members of their families; these dispensaries also to serve as admitting 
centers for the hospitals and sanatorium and as a social welfare center 
for the activities of the visiteuses d’ hygiene. 

2. Local hospitals, or separate wards in existing institutions for the 
care of patients with advanced disease. 
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3. A departmental or regional sanatorium for the early and hopeful 
cases. 

4, Diagnostic laboratories. 

5. Educational measures. 

While the commune is the most fundamental of the administrative 
divisions of France and is at the same time a territorial division and a 
corporate personality, the number of communes in the Eure-et-Loir 
(426), made it necessary to look elsewhere for the “unit of organization.” 
It was therefore decided to take the canton which is an electoral and 
judicial unit within the department and of which there are 24. The 
soundness of this policy becomes apparent when one recalls that the 
executive head of the department, the prefet, is required to work with a 
general council elected by the inhabitants and comprising one member 
chosen from each canton for a period of six years and that this council 
apportions the direct taxes and concerns itself with various administra- 
tive problems. 

It should also be added that the 4 chief cities of the 4 arrondissements 
or districts (the division next above the canton) are the principal cities 
of their respective cantons. 

With this scheme of organization as a basis the field work was begun, 
the general program of the Commission being presented to the Eure-et- 
Loir public under the auspices of the Educational Division. 


THE DISPENSARIES 


The organization of the medical work was commenced by the estab- 
lishment of a system of dispensaries. 

Dispensary plans and equipment were first standardized. This pre- 
liminary work and the policy of organizing the dispensaries in connection 
with existing hospitals, wherever it was possible, were factors, the value 
of which cannot be too strongly emphasized. 

After the organization of the central dispensaries in the 4 chief cities 
of the 4 arrondissements (Chartres, Dreux, Chateaudun and Nogent- 
le-Rotrou), the work was extended to the chief cities of the various can- 
tons until the dispensary system was completed. Twenty-four dispen- 
saries (4 central and 20 branch dispensaries) were ultimately organized, 
of which 17 are in connection with existing hospitals, 4 are in rented 
buildings, 2 are in city halls and 1 is in a building which was formerly a 
private school. The Texier-Gallas Fondation, previously referred to, 
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had constructed 7 hospitals in the chief cities of cantons having no in- 
stitutional facilities and in everyone of these 7 cities the dispensaries were 
established in these hospitals. In every instance, except one, the dis- 
pensaries are rent-free. 

It is the custom in France to have at intervals, varying from 1 to 4 
times a month, what is called ‘‘market day.” The more important mar- 
ket days are held in the chief cities of the arrondissements and the others 
in the chief cities of the cantons. Large crowds from the small communes 
and hamlets attend and the dispensary service has been so organized that 
in practically every instance the clinic is held in every city on a market 
day and the inhabitants of the smallest rural communities are thus enabled 
to receive the benefit of the dispensary with an expenditure of a mini- 
mum of time and with practically no inconvenience. 


LABORATORIES 


A well equipped laboratory which serves the entire arrondissement 
was organized in connection with each central dispensary. These lab- 
oratories serve the dispensaries primarily but their facilities are also 
available for the various hospitals and for all physicians. 


X-RAY SERVICE 


Services of radiology which existed in several of the larger municipal 
hospitals were utilized for the dispensary work. Inoneinstance thedona- 
tion of a complete X-ray installation was made and thus both the hos- 
pital and dispensary patients provided for. 


MEDICAL AND NURSING STAFF 


On account of the large number of the French physicians mobilized 
during the war it was extremely difficult for those left at home to meet the 
needs of the civil population and especially was this true in the smaller 
cities and communes where the number of physicians even under ordi- 
nary circumstances was very limited. However, in each of the chief 
cities of the 4 arrondissements a French physician was found who was 
willing to serve as the chief of the dispensary. The American medical 
staff, which is limited to two for each arrondissement, works in the clos- 
est codperation with the French physicians at the central dispensaries 
where consultations are held twice a week for tuberculous adults and 
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once a week for tuberculous children and the children of tuberculous 
families. The importance of a complete physical examination is em- 
phasized. The. American physicians also hold clinic sessions twice a 
month at the various branch dispensaries, the work being so arranged 
that the medical service of all the branch dispensaries in an arrondisse- 
ment is under the supervision of the staff residing in the chiefcity. As 
soon as the French physicians have been demobilized the entire dispen- 
sary medical service will be transferred to them and, in case any should 
desire special instruction in tuberculosis, arrangements have been made 
whereby they may receive it. 

Under the direction of a French specialist an excellent service of laryn- 
gology has been organized in connection with each dispensary and every 
patient receives a throat as well as a chest examination at the time of 
the first visit. 

Patients examined at the dispensary who can afford to pay a private 
physician must do so and none of the staff physicians employed on a 
full time basis by the Commission are permitted to engage in private 
practice. The most cordial relations with the local departmental physi- 
cians have existed from the very first and the spirit of codperation which 
has resulted has been both a great source of satisfaction and an important 
element of success. : 

Regular monthly meetings of the medical staff are held at Chartres 
and a circulating library with a large number of medical works and cur- 
rent journals (both French and English) has been established. 

The dispensary and home nursing service in the Eure-et-Loir is car- 
ried on entirely with French personnel. These visiteuses d’hygiene have 
received a special training in schools organized by the French through 
the efforts and with the codéperation of the Commission. 

The social service is organized along the same lines as the medical 
service from the standpoint of the relation of a central staff to the branch 
dispensaries. 

There are at the present time 14 visiteuses d’hygiene in the department 
and there is an automobile attached to each central dispensary for the 
use of the medical and nursing staff. 

The medical work will ultimately be done by the local physicians in 
the cities and towns where the various dispensaries have been estab- 
lished and’ in a corresponding manner there will be a decentralization 
of the nursing work. However, it is highly probable that the nursing 
and social service for two or possibly more of the smaller communities 
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should be done by one visiteuse d’hygiene and that such an arrangement 
will best serve the local needs both from a professional and an economic 
standpoint. 

RELIEF 


From the time that the dispensaries were opened until the beginning 
of the present year, funds for relief purposes were appropriated by the 
Tuberculosis Bureau of the American Red Cross. 

This financial responsibility, however, has now been assumed by local 
committees upon which are represented the departmental and municipal 
authorities and all of the various organizations previously engaged in 
war activities in addition to prominent persons who are partisans of the 
policy. of private initiative. 

A central relief. committee has been organized in each of the chief 
cities of the 4 arrondissements and these committees in addition to their 
local obligations are also responsible for the raising of funds for relief 
purposes in these cities and towns where branch dispensaries have been 
established. On each of these central committees there is a representa- 
tive from the chief city of every canton in the arrondissement who is in 
charge of the organization of a local relief committee in the community 
where he resides. This representative in most instances is the mayor. 

In addition to subventions from the department and the municipality 
money is secured by donations and through “‘tag-days,” entertainments, 
etc. 

The greatest interest is manifested in this part of the work, which is 
being carried on in a most successful manner and in which all of the people 
in the department are heartily codperating regardless of religious, politi- 
cal or class distinctions. 


INSTITUTIONS 


As a result of the very close coéperation: between the departmental 
and the municipal authorities, the local hospital boards, the Tuberculosis 
Bureau.of the American Red Cross and the Commission and by means 
of appropriations by the French and the American Red Cross an institu- 
tional program consisting of 5 local tuberculosis hospitals, a day-camp 
and a departmental sanatorium is in course of realization. 

In every instance the beds for patients with advanced disease have 
been established in: connection with an existing hospital which has as- 
sumed all.of the administrative responsibilities;.,in other words, instead 
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of creating separate institutions for the care of such patients a tuberculo- 
sis service has been added to the local hospitals. The advantages of 
such a plan of organization from every point of view are too obvious to 
require amplification. 

At Chartres, 24 beds are available at the Hospice St. Brice and from 45 
to 50 more at Haut Saint-Jean will soon be ready. This latter institu- 
tion is being remodelled and adapted for the care of tuberculous patients 
and will be maintained under the direction of the Chartres General 
Hospital. 

At Dreux a separate pavilion with accommodations for 36 patients, situ- 
ated on the grounds of the Dreux General Hospital has been provided 
with cure galleries, and has been in operation since July 4, 1918. 

A pavilion with 20 beds is in course of construction at Chateaudun 
which will constitute the tuberculosis service of the Chateaudun Hospital 
and 25 beds are being provided in a separate pavilion on the grounds of 
the hospital at Nogent-le-Rotrou. 

Hospital beds have thus been provided in the chief city of each of the 
4 arrondissements and patients requiring hospitalization can be taken 
care of in the arrondissement in which they reside. 

In addition to the beds described above, numbering more than 150, the 
central administrative Board of the Texier-Gallas Fondation has offered 
one or two beds in each of its seven hospitals for patients whom it may 
be desirable to keep under observation for purposes of diagnosis, etc. 

A day-camp with accommodations for approximately 25 patients has 
been built on the dispensary grounds at Chateaudun and is operated 
in conjunction with the dispensary service, the local dispensary com- 
mittee providing the funds for its maintenance. 

A departmental sanatorium with an initial capacity of 100 beds has 
been voted by the general council and the money for its construction is 
already in hand. Appropriations from the State (300,000 francs), the 
department (300,000 francs), and the American Red Cross (300,000 
francs), have made this institution possible and its facilities will be avail- 
able for patients in the early stage of the disease residing anywhere in 
the department. 


EDUCATIONAL MEASURES 


No campaign against tuberculosis can secure the best and most satis- 
factory results unless a presentation of the fundamental facts of correct 
and healthful living are made a prominent part of it. Unfortunately, 


i 
ie 
| 
i 
4 
in 
be 
H 
i 
i 
id 
q 
i 
q 


TUBERCULOSIS WORK IN EURE-ET-LOIR 355 


these facts are known by a limited number of persons and it is essential 
that the scientific knowledge of the few be made available for all. 

The fundamental on which public health education is based is the love 
of life and the desire to prolong it that is inherent in each individual and 
the interest of the people is secured by explaining to them how disease 
may be avoided and life prolonged. 

The formula must be plain, the rules simple and the expense not out 
of proportion to the results obtainable. 

The various methods employed in the educational work in the Eure-et- 
Loir include newspaper articles, exhibits, posters, brochures and public 
meetings. 

This feature of the departmental organization is now being developed 
intensively. Modern Health Crusaders are being organized in the 
schools and the educational division is codperating with the local authori- 
ties and the various relief committees in many ways. For example, 
ten thousand copies of the report of the special commission of the General 
Council dealing with various phases of the health problem are at present 
being printed at the expense of the Rockefeller Commission for distribu- 
tion throughout France. 


COSTS 


A conservative estimate of the value of the real estate and buildings 
placed at the disposition of the Commission for the 24 dispensaries is 
$50,000. The expense of new construction, adaptation of existing build- 
ings and installation for dispensary purposes has amounted to $55,000. 
Real estate and buildings to the value of $91,000 have been given over 
for hospital purposes and the cost of new construction, remodelling of 
existing buildings and installation will amount to $120,000, exclusive 
of the departmental sanatorium, the buildings and site of which will 
represent an expenditure of approximately $250,000. 

The sum of approximately $566,000 may therefore be said to represent 
the capital expenditure for the dispensaries, hospitals, day-camp and 
sanatorium and constitutes the combined contributions of the various de- 
partmental organizations, the American Red Cross and the Commission. 
Of the above mentioned sum, slightly less than 13 per cent was contrib- 
uted by the Rockefeller Commission. 

Based on a population of 275,000 the total capital expenditure amounts 
to slightly more than $2.00 per inhabitant. The work, however, was 
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undertaken at a time when both labor and material were not only expen- - 


sive but also very difficult to obtain at any price. Furthermore the most 
expensive type of construction for the sanatorium (about $2000 per bed) 
was voted by the General Council and this amount represents nearly 
one-half of the total capital expenditure forall purposes. In this connec- 
tion it should be added that the type of construction in France is generally 
more substantial and expensive than we use in the United States. 


MAINTENANCE 


The annual expense for maintenance of the 157 hospital beds (based 
on war prices) will amount to approximately $50,000 or about 18 cents 
per year per inhabitant. The annual maintenance for the 100 sanator- 
ium beds (also based on war prices), will approximate $52,000 or about 
19 cents per year per inhabitant. 

With regard to the dispensary system, its organization under war 
conditions necessitated a great deal of expense for automobile transporta- 
tion, American medical personnel, departmental business, office, etc., 
that is now being rapidly eliminated and the annual operating expenses 
for the 4 central and 20 branch dispensaries, exclusive of physicians 
salaries, will not exceed $40,000. 

All items such as rent, heat, light, repairs and renewals, printing and 
stationery, office and general expenses, drugs and medical supplies, 
X-ray service (fluoroscopy only), laboratory, etc., have been included. 
This estimate is based upon the actual'maintenance figures for the past 
year and provides for a nursing staff of 4 supervisors at 500 francs per 
month and 14 visiteuses d’hygiene at 300 francs per month in addition 
to the requisite technical personnel for the departmental laboratory. 

The maintenance of the dispensary feature of the Commission’s pro- 
gram will therefore amount to approximately 144 cents per year, per 
inhabitant. 

It should be stated that funds for relief purposes have not been in- 
cluded in these calculations as relief accounts cannot be properly charged 
against dispensary maintenance. 


GENERAL REMARKS 


The plans for the departmental organization were worked out in ad- 
vance in considerable detail particularly from the standpoint of assuring 
its establishment upon a basis that would be economically sound, the 
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consideration of all public problems from this point of view being funda- 
mental. 

It had been considered originally that a rather elaborate system of 
ambulant dispensaries would be required as an important feature of the 
departmental organization, but careful study of the proportion of the 
population to be reached in this manner, the tuberculosis mortality rate 
of this group and the expense involved showed conclusively that at least 
under existing conditions and for the present the cost of operation would 
be out of all proportion to the value of the results that might be obtained. 

The generally accepted principle of centralization of control and de- 
centralization of operation was adhered to with most satisfactory results. 
Upon this and upon the standardization of dispensary plans, equipment, 
records, method and procedure, etc., was placed the greatest emphasis 
from the standpoint of their fundamental value and importance. 

In at least one rural department of France the réle of the dispensary 
as the centre of the tuberculosis activities has been demonstrated to be 
economically feasible and the proportion of the population not reached 
by the present dispensary system does not exceed 15 per cent of the total. 

In considering the application and extension of the Eure-et-Loir or- 
ganization to the other departments of France, the “‘unit of organization” 
for dispensaries should be the arrondissement rather than the canton 
until such time as the country is provided with an adequate dispensary 
system everywhere. From the standpoint of a theoretical program for 
the control of tuberculosis it is an easy matter to arrive at a compara- 
tively accurate estimate of the number of hospital, sanatorium and pre- 
ventorium beds required; but the number of dispensaries needed cannot 
be arrived at with the same degree of facility or accuracy nor by the 
same methods, at least as far as rural departments are concerned. No 
“rule of thumb,” based on population and mortality statistics, can be 
applied here and the number of dispensaries required can only be deter- 
mined after careful study and consideration of such additional factors 
as density of population, transportation facilities, etc. 

The experience of the Commission in the Eure-et-Loir has demonstrated 
the necessity of having the medical staff on a permanent basis, as a service 
of rotation is most unsatisfactory both from the standpoint of dispensary 
operation and also of administration. The success and usefulness of 
any dispensary depends almost entirely upon the quality of the service 
which it provides; and this applies to both the medical and the nursing 
personnel. The nurses have been given a uniform course of instruction 
embracing both tuberculosis and infant welfare and the special instruc- 
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tion given the local department physicians is to be made available for 
the doctors in the provinces. In this connection, it should be made clear 
that this instruction relates primarily to dispensary method and pro- 
cedure rather than to the clinical and scientific aspects of the tuberculo- 
sis problem. The ultimate use of the dispensaries for general medical 
clinics is a development which is highly desirable. 

From the standpoint of the physicians in the provinces there is reason 
to believe that their connection with the dispensary service on a non- 
salaried basis would be amply compensated by the increased revenue 
from patients able to pay for their professional services who would con- 
sult them because of their dispensary affiliation. Nevertheless it must be 
admitted that from the standpoint of administrative control there is 
much to be said in favor of paying the physicians at least a small fee 
for their dispensary work. 

The fact that laundry facilities were not established as an integral 
part of the Eure-et-Loir dispensaries has been commented upon by some 
of our French confreres, who feel that the actual danger from the pa- 
tients’ linen is such as to warrant the expense of laundry installations. 
The Commission does not share this point of view. However, for entirely 
different reasons such as the promotion of cleanliness and economy in 
laundry bills (which are frequently an important item in the budget of 
relief committees), the installation of laundry facilities and also shower 
baths in certain of the larger dispensaries might be considered. 

The arrangement of having a separate day for the children’s consulta- 
tions is a detail deserving of special mention and the use of stereoscopic 
plates. for all chest pictures is an innovation which has been very cordially 
received by our French colleagues. 

With reference to the dispensary laboratories it is the plan of the Com- 
mission to give them over to the hospitals in which they are located and 
to codperate with the General Council in the establishment of a central : 
laboratory at Chartres, which will serve the entire department. 

An important result of the work in the Eure-et-Loir and elsewhere has 
been the demonstration of the great value of American methods of pub- 
licity applied to French conditions. The demonstration organization is 
also serving to make known in France American dispensary methods and 
procedure and is thus contributing in a small way toward a closer medical 
rapprochement between the two nations. Most important, however, 
from every point of view, has been the demonstration on the part of the 
French in the Eure-et-Loir and also in the other departments of France 
of a keen desire and an extraordinary ability to do things for themselves. 
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TABLE 1 
Total number of admissions, October, 1917, to December, 1918 


TOTAL 
DISPENSARIES AND PERIOD OF WORK ADMISSIONS 


“Pont-de-Flandre”’ (opened October, 1917)........ 
“Amerique” (opened February, 1918) 
“Combat” (opened July, 1918) 


Total admissions in Paris 


Chartres (opened January, 1918) 

Chateaudun (opened March, 1918) 

Dreux (opened January, 1918) 

St. Remy (opened May, 1918) 

Nogent-le-Rotrou (opened November, 1918){fT.... 


Total admissions in Eure-et-Loir 


Total number of admissions 


Number of tuberculous among patients admitted to clinics 


MEN WOMEN 


tu- 
tu- 


DISPENSARIES 


berculous 
berculous 
Total admis- 
sions 
berculous 
‘ound 
berculous 


Total admis- 
Found 
Per cent tu- 
Per cent tu- 
berculous 
Per cent tu- 
berculous 


“Pont-de-Flandre” 
“Amerique” 
“Combat” 
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Chartres 
Chateaudun 


St. Remy-sur-Avre 
Nogent-le-Rotrou 
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Total in Eure-et-Loir.... 


Total tuberculous among 
patients admitted 
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CHILDREN 
MEN WOMEN UNDER 
SIXTEEN 
| 
2974 
791/59.5| 289/21.8} 1329 
i 100/17.7] 318/56.2| 148126.1] 566 
..| 4869 
148|20.4| 272137.6] 304/42.0] 724 
126/24.9] 215/42.4| 166/32.7] 507 
142/19.7] 268/37.2| 310/43.1] 720 
34]19.1) 79/44.4] 65|36.5} 178 
14/25.5} 21138.1| 20/36.4] 55 
| 465/21.3] 855/39. 1] 2184 
1282/18. 213354147 .6/2417/34.2] 7053 
i TABLE 2 
~ 1329] 405|30.5 
100] 71/71.0} 318] 143 566| 243/42.9 
| Total in Paris...........| 818] 448]54.8/2499] 967/38 .8|1552] 114 4869|1529|31 .4 
148} 79|53.4] 272] 107|39.3} 304] 50 724| 236|32.6 
126] 6854.0] 215] 81137.7] 166] 26 507} 175|34.5 
Dreux. 142] 69/48.6] 268} 94/35.1] 310} 30 720} 193/26.8 
34] 22/64.7| 79] 28/35.4] 65) 7 178} 57|32.0 
| 464) 242/52.1) 855) 316/37.0| 865] 115 2184] 673|30.8 
1282} 690/53 229] 


TABLE 3 
Classification of the total number found tuberculous; men, women and children 


CHILDREN UNDER 


SIXTEEN 


Per cent| Number|Per cent|Number/Per cent 


28.3 | 559 | 63.4 73 | 8.3 
31.6 | 265 | 65.4 12} 3.0 
29.3 | 143 | 58.8 29 | 11.9 


29.3 | 967 


33.5 
38.9 
35.8 
38.6 
33.3 


36.0 


31.3 


TABLE 4 
Diagnosis and stage of the disease on admission 


INCIPIENT MODERATELY | yap ADVANCED 


Close Open | Close 
lesion | lesion i i lesion | lesion 


TOTAL DIS- 
CHARGED 
‘“TUBERCU- 


292 36 
74 17 
35 13 


401 66 
43.1%|11. 1%] 7.1% 


268 or 28. 135 or 


11 9 
11 6 
15 10 
St. Remy-sur-Avre 1 0 
Nogent-le-Rotrou 0 0 


Total for Eure-et-Loir 25 58 38 42 25 
.4%]10.3%|13.6% 


83 or 34.0% | 80 or 33.0% | 59 or 24.3% 


109 | 459 | 147 | 201 91 | 103 
9.3% 7.8% | 8.8% 


568 or 48.5%] 348 or 29.7%] 194 or 16.5% 
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MEN 
DISPENSARIES TOTAL 
Number 
“Pont-de-Flandre”...............| 249 881 
79 107 | 45.3 50 | 21.2 236 
81 | 46.3 26 | 14.8 175 
22 28 | 49.1 4223 57 
Nogent-le-Rotrou..............5.- 4 6 | 50.0 2 | 16.7 12 
Total in Eure-et-Loir..........| 242 | | 316] 46.0] 115 | 17.0 673 
1283 | 58.3 229 | 10.4| 2202 
FORMS 
TUBER-' 
CULOSIS 3 
25 48 36 607 
Total for Paris............| 84 69 42 930 
9.1% 7.4%|4.5%| 100% 
8.294 14.5% 
12 9 72 
9 3 51 
10 7 98 
3 1 20 5 
0 0 1 
20 242 
8.7%| 100% 
62 or | 1172 
5.3% | 100% 
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TABLE 5 


Total clinic sessions held and average attendance at clinic sessions 


ATTENDANCE AT SESSIONS 


Children 

CLINIC under sixteen 

SESSIONS 
HELD 


10,614 
5,627 
3,686 


19 927 


2,040 
1,609 
2,090 
596 
79 


Total in Eure-et-Loir........ 6,414 


ora Average 
| Average 


Total sessions and average 


26,341 


attendance 900 | 5,273 


TABLE 6 


Result of treatment taken on 1172 tuberculous patients discharged from clinics (October, 1917, 
to December 31, 1918) 


TOTAL 
EURE-ET- 
LOIR 


TOTAL FOR PULMONARY 
PARIS TUBERCULOSIS 


PULMONARY 
TUBERCULOSIS 


advanced 
advanced 
FORMS 


FORMS 
TUBERCULOSIS, OTHER 


TUBERCULOSIS, OTHER 


Incipient 
Moderately 
Incipient 
Moderately 


Progressive 
Stationary 


~I 
bdo 


Apparently arrested. . 
Definite arrest 
Apparently cured..... 


bo 
| 
Far advanced 
| 


co 
w 
So 


DISPENSARIES 
< < < 
“Pont-de-Flandre”.............| 299 | 1,840 36 
| 556 3,729 36 
Nogent-le-Rotrou............... 9 27 9 
i 
6 | 13,629] 7,439) 8 | 29 
| = 
| 
| 
185}19 .9 36)14.9] 221/18 .8 
578)62 .2 111/45 689/58 .9 
Improved...........| 64| 23} 5 96|10.3] | 32/13.2| 128/10.9 
Quiescent............] O 0 0 0 
| 1} 1| 0.1) 41.7; 0.4 
3} 0.3) 2) 0.8} 5) 0.4 
0 0 0 0 
Total...........|485|268] 135 242| 100/1172| 100 
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TABLE 9 


Length of attendance at dispensaries of discharged cases 


“Pont-de-Flandre” 


| Per cent 


OO 


| | Per cent 
an 


Number 


| 
oo 
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Chartres 
Chateaudun 


Anon 


Nf bd 

> 
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St. Remy-sur-Avre 
Nogent-le-Rotrou 


Total for Eure-et-Loir 
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PATIENTS rrom onE| | six | 
DAYS pl MONTHS 70 = 
To 29 Days 

ONCE MONTHS | YEAR : 

Zia | Sinai s 

.| 932/43.8) 525/24.7| 188 2128 
393/38.9] 312/34.4] 162/17.9| 65 

Total for 659]19.5) 278 

121|33.2} 84/23.1) 45 364 

2|100 0 0 0 2 

334/30.2) 275/24.9) 269)/24.3) 184 1106 

11735138. 7)1220)27 .0) 462 4484 
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REPORT ON THE TUBERCULOSIS SITUATION IN 
GERMANY! 


EARL H. BRUNS 
Colonel, Medical Corps, U. S. A. 


An investigation of the tuberculosis situation in Germany, particularly 
in the area occupied by the American Army, was undertaken for two 
principal reasons: first and most important, to determine its bearing 
on the German food shortage, and second, to study its relation to the 
health conditions of our troops. If tuberculosis was increasing in the 
degree claimed we would naturally seek as causes increased opportunities 
for infection and factors lowering the health and nutritional standard 
‘of the people. As this disease is influenced greatly in its clinical develop- 
ment and course by nourishment, an increase in its morbidity and mor- 
tality would have a direct bearing on the question of the humane neces- 
sity of feeding the German population. As suggested in the final report 
(1) of the Senior Consultant in Tuberculosis for the A. E. F., that possibly 
some of our soldiers dying of tuberculosis had been infected in France, 
a wide prevalence of tuberculosis in the area occupied by our troops 
in Germany might necessitate special measures to prevent such infection. 
However, upon careful analysis of the incidence of tuberculosis in the 
A. E. F., it is not believed that there are sufficient grounds to base such 
a conclusion. With perhaps rare exceptions, soldiers dying of tuber- 
culosis showed old lesions, and they succumbed to a disease which they 
brought with them when they arrived in Europe. . 


THE TUBERCULOSIS SITUATION IN GERMANY BEFORE THE WAR 


As compared with other countries (2) Germany had a low death rate 
from tuberculosis before the war (charts 1 and 2). Whether this was 
due to the better housing and living conditions of the poor, to a more 
perfect immunity possessed by the German nationality against this 
disease or to their method of combating it, is difficult to say. It is, 


1 From the office of the Civil Governor, American Area, Department of Sanitation and 
Public Health, Triet, Germany, May 20, 1919. 
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however, true that for a number of years they had been carrying on an 
active campaign against tuberculosis, probably more so than any other 
country, and those interested in this pointed with great pride to the 
yearly reduced mortality rate and cited this reduction as a proof of the 
efficacy of their work. It is to be assumed that a nation which had 
discovered the cause of the disease, which had proved its infectiousness 
and had made many valuable investigations concerning its etiology, 
would naturally take an added interest in its prevention. 

In Germany, as in all other countries, tuberculosis had been recognized 
as the most widespread and deadly of diseases. During peace times 
the yearly death rate for tuberculosis in Germany was in round numbers 
100,000 and it has been stated that about a third of the people between 
the ages of sixteen and sixty died of this disease. The great necessity 
of combating tuberculosis having become recognized and the preventive 
measures made clear by the discovery of the tubercle bacillus, it only 
required the excellent machinery of the German public health system 
to make the antituberculosis campaign successful. Thus in Prussia 
before the war the tuberculosis mortality rate had gradually fallen from 
207.1 per 100,000 in 1899 to 136.5 per 100,000 in 1913 (chart 3) (3). 


THE TUBERCULOSIS SITUATION IN GERMANY DURING THE WAR 


In undertaking the study of the tuberculosis situation in Germany 
during the war we would expect to find that this disease had increased. 
Even without our investigation we could assume this to be a fact, for 
the severe strain which such a prolonged struggle places on the lives of 
a people will always lead to an increase in tuberculosis. Available 
reports from other countries involved in the war from the very beginning 
show an augmented mortality rate. In England compared with 1913 
there was an increase of 1582 deaths in 1914, of 4521 in 1915, of 4490 
in 1916 and of 6058 in 1917 resulting from tuberculosis (4). 

In Germany tuberculosis is not a reportable disease and, as it is 
difficult to estimate the number of living cases, for most of our statistics 
we must consult mortality reports. It has been authoritatively stated 
that the tuberculosis mortality rate in Germany is back to where it 
was twenty years ago. In 1899 the death rate per 100,000 for tuber- 
culosis in Prussia was 207.1. By 1913 it had been reduced to 136.5, 
and now at the end of 1918 we find it has increased again to 240.4 (chart 
3). While the increase was noted at the end of the first year of the 
war, it was more marked during the last two years. 
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Tuberculosis death rate per 100,000 inhabitants Prussia 


207.1 ‘ 1909 155.9 1914 138.7 
1910 152.9 1915 144.5 
1911 151.2 163.8 


The marked increase during the last two years is also noticeable when 
we come to consider the provinces, districts, cities and towns of Prussia 
separately. Dr. Hamel, Medizinal Referent of the Imperial Ministry 
of the Interior, reported (5) at a special session of Medical Societies in 
Berlin on December 18, 1918, that throughout Prussia in the cities of 
over 15,000 inhabitants there died of tuberculosis in 1913 40,144, while 
in the first half year of 1918 41,800 died in these cities from the same 
cause. Many striking figures may be cited. For instance, at the same 
meeting it was stated by other authorities that in Stettin deaths from 
tuberculosis for the ages of from one to fifteen have increased from 0.35 
per cent in 1910 to 0.94 per cent in 1918. In Hamburg in the year 
1917, 48.5 per cent and in 1918 53 per cent more people died from tuber- 
culosis than in the preceding years of the war or during the peace years 
from 1909 to 1913. In the country district of Bonn, for all ages the death 
rate increased from 98 in 1912 to 190 in 1918. In the city of Cologne 
the deaths from all forms of tuberculosis have increased from 916 in 
1913 to 2184 in 1918 and during the first four months in 1919, 951 deaths 
had already occurred (chart 4). In the region (Regierungsbezirk) of Trier, 
the increase has been from 149.1 per 100,000 in 1913 to 267.5 per 100,000 
in 1918 (chart 9) and in that of Coblenz, 159 in 1913 to 200.2 in 
1918 (chart 9). This increase is a common observation of all physicians. 
They see more cases in their practice whether they be clinicians, surgeons 
or pediatricians. More cases are being admitted to the hospitals; the 
tuberculosis sanatoria are filled; and the tuberculosis dispensaries have 
many more patients under supervision. The association in Breslau for © 
the care of indigent comsumptives reports the following consultations 
given in their “Office for Information and Treatment:” 


1913-1914 8,692 patients with 2906 cases 
1917-1918 20.669 patients with 4277 cases 


The number of patients had therefore doubled and the number of 
new cases had increased almost 50 per cent. At the tuberculosis dis- 
pensary in Cologne, the number of tuberculous families under super- 
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vision increased from 2070 in 1913 to 3122 in 1917 and the number of 
patients sent to sanatoria, to the country and convalescent homes, 
increased from 811 in 1913 to 2017 in 1917 (7). All forms of tubercu- 
losis have increased. In the surgical clinic of the Lindenburg Hospital, 
Cologne, 90 cases of surgical tuberculosis (tuberculosis of lymph glands, 
bones, joints, etc.), or 4.3 per cent of the entire number (2055) of surgical 
cases, were treated in 1911, and 252, or 10.8 per cent of the entire number 
(2314), were treated in 1918 (8). 

Scrofula in children throughout the whole of Germany is said to have 
increased 30 per cent during the last two years. In Kiel, the city schogl 
physician found among 30,000 students of the public schools in 1914, 
800 and in 1918, 6500 cases of pronounced scrofula (9). Professor 
Noeggerath reports that the deaths from all forms of tuberculosis among 
the children of the cities of Baden have increased from 190 in 1913 to 
262 in 1917 (10). 


TUBERCULOSIS IN THE GERMAN ARMY 


The incidence of tuberculosis in the German Army before the war had 
been steadily decreasing, in conformity with the steady fall in the death 
rate from this disease in the civil population. The following table shows 
the percentage incidence, per 1000, of tuberculosis in the German Army 
during peace times. 


YEAR 
November 1 to October 30 TOTAL CASES FERCERIAE 


1908-1909 950 
1909-1910 1027 
1910-1911 1007 
1910-1912 1026 
1912-1913 1036 


These figures do not include Bavaria, the statistics for which are not 
available owing to unsettled political conditions in Munich, but for 
practical purposes the Bavarian figures may be disregarded as they only 
represent three out of twenty-four army corps; that is to say, one-eighth 
of the total; moreover the Berlin authorities are positive that they tally 
with those given above. . 

This low tuberculosis rate is attributed to the decrease of tubercu- 
losis in the civil population, to careful physical examinations: and the 
following up of every soldier with a cough until proved nontuberculous. 
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In peace times, Germany was able to choose from a number of recruits 
far in excess of the actual needs of the standing army: consequently 
every man showing positive or even remotely suspicious signs of tuber- 
culosis, including the inactive forms, was rejected. With the advent 
of the war this policy was altered, especially as the enemy countries 
increased and it became apparent that the war was to be prolonged. 
Man power became essential and many tuberculous subjects, that is, 
those with arrested lesions were accepted for military service. 

The following instructions were published March 2, 1916, similar to 
orders issued previously: 


The following general points should be used as a guide in judging the fit- 
ness of tuberculous subjects, for military service under war conditions. 

1. The efficiency of the man, measured by the efficiency of the labor or 
occupation he would still be capable of performing in civil life. 

2. The danger of propagating the disease through the dissemination of 
bacilli. 
3. The probability (not the possibility, which is always present under war 
conditions) of an aggravation of the disease by military service, with conse- 
quent ineffectiveness. 

Accordingly, every case of open tuberculosis, recognizable as such by posi- 
tive sputum findings or by clinical signs, excludes war service; the same also 
applies to prolonged fever caused by the process. 

Generally speaking, a progressive or not yet arrested (active) tuberculosis 
means unfitness for war service. Whether this unfitness is permanent or a 
cause of discharge from the army, or only temporary and justifying retention 
in the service for a period of observation, can only be decided in each separate 
case by a careful examination, and taking into consideration all the circum- 
stances. 

An inactive, arrested tuberculosis even if manifest, that is to say, con- 
‘firmed by findings of a physical examination including the X-ray, does not 
necessarily exclude fitness for war service. 

The general nutritibn, the condition of the muscles of the heart and other 
organs, and the former occupation in civil life are to be taken into considera- 
tion when deciding upon the nature of the duty the man is to perform. 


No statistics are available to show the number of soldiers enlisted 
under these conditions who later developed active tuberculosis. It 
was found in many instances however that men» with arrested lesions 
did well in the field and a number of special cases are reported in which 
soldiers with large arrested lesions and even with active tuberculosis 
improved in the army. Autopsies made in field hospitals often showed 
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healed lesions which had remained quiescent in spite of the hardships 
of active warfare. 

During the first year of the war, the physical examinations were con- 
ducted by inexperienced medical officers, fresh from civil life. In conse- 
quence many active cases of tuberculosis were accepted and the incidence 
of tuberculosis in the army increased so markedly that stringent measures 
had to be adopted. A more experienced medical personnel was placed 
in charge of all physical examinations and specific instructions issued 
for the guidance of medical examiners. The result was very satisfactory 
as the tuberculosis rate rapidly decreased. However during the last 
year, due to the prolongation of the strain, to greater activities and to 
less nutritious food, the rate increased again in the field army. 


Incidence of tuberculosis in the German Army during the war 


FIELD ARMY HOME FORCES TOTAL 


YEAR 
August 1 to July 31 Per cent Cc 
ases 


Per cent Per cent 
. Cases | “M.S. Cases | “M.S. M.S. 


First 1914-1915 7,166 8 | 8153 | 4.4 | 15,319 
Second 1915-1906 6,865 7 | 9,176 | 3.6 | 16,041 
Third 1916-1907 5,523 1 | 8,392 | 3.7 | 13,915 
Fourth 1917-1908 3,929 8 | 8322 | 3 10,251 


In peace times, tuberculous soldiers were promptly discharged from 
the army and treated in civil sanatoria. During the war, several sanatoria 
were provided or designated for each army corps, excepting the 15th 
(barred for climatic reasons), where tuberculous soldiers were transferred 
to receive treatment for from one to one and a half years, in exceptional 
cases two years. At the end of this period, the patients are discharged 
and if not cured, given a pension. In considering tuberculosis statistics 
for the civil population, soldiers are not included (13). 


GERMAN METHODS OF COMBATING TUBERCULOSIS 


The German methods of controlling tuberculosis are along the same 
lines as those employed in other progressive countries. Sanatoria, 
recuperation resorts in the woods, vacation colonies, dispensaries, open 
air schools, educational campaigns and social welfare work have all 
been highly developed. It is said that as early as 1913 Germany had 
over 69,000 beds for consumptives in health resorts. The individual 
among the working classes who develops tuberculosis probably receives 
better treatment than in most countries. This is due to the government 
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sickness insurance which has been in existence since 1883 and which 
provides monetary assistance, medicines, and treatment in hospitals, 
sanatoria, health resorts, etc. Every employee with a salary of less 
than 4000 marks must carry this insurance, one-third of the premium 
being paid by the employer and two-thirds by the employee. In ad- 
dition to this Germany has over 2000 dispensaries and every day new 
ones are being opened. The dispensary is the centre of almost all the 
tuberculosis campaign activities in a community. It carries on a prac- 
tical work in all directions. Patients are examined, curable ones sent 
to sanatoria and the incurable to hospitals or suitable treatment is 
provided at home. By many measures, an endeavor is made to prevent 
house infection. The tuberculosis dispensaries at Cologne and Trier 
have been visited and closely studied. They have the same organization 
and are run on the same plan. 

The one at Cologne is larger and more complete and a model institu- 
- tion of its kind. Located in a modern building, it consists of a number 
of large airy rooms in which are located the various departments— 
receiving, record, examining, X-ray and laboratory.' Three doctors and 
sixteen visiting nurses are on duty at this dispensary. The city of 
Cologne is divided into sixteen districts and a visiting nurse assigned to 
each district. Patients are sent to the dispensary by their family 
physicians; or, if they come of their own accord, a written report is 
always made to the family physician who treats the case with the advice 
and assistance of the dispensary. In this way the good will of the practis- 
ing physicians is maintained and no friction results. Careful records 
are kept and all cases are followed up by the visiting nurses. The 
examination consists of the ordinary physical examination, routine use 
of the fluoroscope, X-ray plates in certain cases, sputum examinations, 
and Pirquet tests in young children. Inquiries are made concerning 
the financial conditions of the patient and monetary assistance given: 
Through the visiting nurse the conditions of the home are ascertained 
and, if necessary, better living quarters are rented, extra and more nourish- 
ing food is secured and bedding, reclining chairs and sputum cups are 
provided. The necessary disinfection is carried out and the nurses 
make frequent visits to see that all instructions concerning treatment 
and prevention of infection are being observed. In addition to this all 
other members of the family are brought to the dispensary for examina- 
tion. Treatment is provided in hospitals, sanatoria, convalescent and 
country homes; and while the parents are undergoing such treatment, 
the care of the children is looked after. This dispensary was established 
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in 1907. It is maintained entirely by the city. Professor Krautwiz 
(Beigeordneter), medical deputy to the burgomeister of Cologne, appears 
to be a very energetic and enthusiastic health official. It was stated 
that the success of this institution is largely due to his interest and 
efforts. The Augusta and Lindenburg Hospitals in Cologne have 
annexes with excellent facilities for the open air treatment of tuberculosis. 
The health department work of Cologne is highly developed and well 
organized, much more so than in any of the cities in the American area 
of occupation. This is to be expected however, as Cologne is one of 
the largest and richest cities in Germany. 

In Trier the tuberculosis dispensary occupies several isolated rooms 
in a building used as a general clinic for the infant and child welfare 
and maternity work. The city health officer (Kreisarzt) holds two 
weekly consultation hours at the dispensary, when he examines and 
advises cases referred to him. Connected with the dispensary are six 
visiting nurses. This dispensary functions about the same as the one 
at Cologne. 

Among the many activities in the campaign against tuberculosis, 
the forest schools in Germany are very commendable. These are open 
air schools in the forest, open during the summer months for scrofulous 
and anaemic children. The one near Trier is situated within easy 
walking distance of the city. The children go to school in the morning, 
taking their lunch with them and return home in the evening. Three 
courses of six weeks are given yearly. A systematic campaign of edu- 
cation has been carried on very extensively. Everything is done to 
enlighten the people concerning tuberculosis by distributing pamphlets, 
posting placards, giving lectures with magic lantern and motion pictures 
and by publishing articles in the daily papers. ‘The German authorities, 
having recognized that the fight against tuberculosis must start in early 
youth and continue through life, on the basis of not only preventing 
infection but in improving the health and the powers of resistance of 
the individual, speak at length of their efforts in infant and child wel- 
fare work; inducing mothers to nurse their babies; providing extra 
nourishment and more nutritious food; sending anaemic and scrofulous 
children into the country; providing modern, well ventilated school 
buildings and improving the housing conditions of the poor people and 
the surroundings of the working man. Women play a large part in 
this work, being in charge of the administration side. It is a great 
organization which extends its activities into many fields:—care of 
infants, small children, school children, weak children, orphans, ille- 
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gitimate children, cripples, insane, dumb, blind, alcoholics and venereals, 
and correlates all similiar functions of the government insurance-offices, 
church, and charitable societies with that of its own. 

Certain general health regulations exist relative to the control of 
tuberculosis. Deaths from tuberculosis must be reported to the police 
authorities who see that the proper disinfections are carried out and 
school teachers with open tuberculosis are not allowed to teach. In 
addition certain provinces or states have special regulations of their 
own. In Bayern, Sachsen, Wiirtemburg, Baden, Oldenburg, Thiiring- 
ische States, Waldeck, Liibeck, Hamburg and Elsass-Lothringen, each 
change of a residence of a person suffering from advanced pulmonary 
or laryngeal tuberculosis, or, if the disinfection of the dwelling of a 
tuberculosis patient is considered necessary by the doctor, is reported 
to the police authorities. Furthermore in Bayern, Baden, Liibeck and 
Elsass-Lothringen if such a patient lives in an educational institution, 
a report is required. In Wiirtemburg, Baden, Liibeck and Elsass- 
Lothringen also, a report must be made if thepatient greatly endangers 
those around him in respect to his living conditions. In Hamburg 
and Liibeck, if he is actually connected with the handling of food and 
thereby endangers surrounding persons, the police must be notified. 
In KGnigreich, Sachsen, Liibeck-and Elsass-Lothringen generally speak- 
ing, every case in private hospitals, orphan and poor asylums, lodging 
houses and boarding schools, is to be reported to the police authorities 
within three days. In Waldeck and Schwarzburg-Rudolfstadt all cases 
are to be reported in which bacilli are demonstrable: only the physician, 
however, is obliged to give notice to the police. 

During the war, the campaign against tuberculosis has probably 
relaxed to a certain degree, due to self evident causes. The scarcity 
of doctors and nurses, the shortage of food, the absence of soap and the 
demand upon labor for other purposes, leading to the neglect of the clean- 
liness of dwellings and personal hygiene are some of the causes to be 
mentioned. 


THE TUBERCULOSIS SITUATION IN THE AREA OCCUPIED BY THE 
AMERICAN ARMY BEFORE AND DURING THE WAR 


The tuberculosis situation in the area occupied by ‘the American 
army has received more careful study by the writer and the etiological 
factors of the disease will be considered from the view point of conditions 
in this part of Germany. The area occupied by the American army 


ip 
| 
i 
if 
| 


TUBERCULOSIS SITUATION IN GERMANY 379 


comprises most of the Region (Regierungsbezirk) of Trier, and a part 
of the Region of Coblenz. In this area are two small cities of from 
50,000 to 60,000 inhabitants each and many small towns and villages. 
The principal occupations are farming, wine growing and truck gardening, 
although there are some factories, coal mines and quarries. The con- 
ditions of large industrial centres therefore do not exist and all the people, 
even in the two small cities mentioned, are within easy access of the 
country. This area has a civil population of 863,000. The Region of 
Trier, as compared with the whole of Prussia, has always had a high 
death rate from tuberculosis (chart 3). This is attributed to its unfavor- 
able climate, the prevalence of respiratory diseases, and the lack of a 
sufficiently organized effort to combat the disease. The Region of 
Trier is not an area with large cities and is relatively poor in comparison 
with other parts of Germany. Its population consists largely of farm- 
ers, who as a rule are not as interested in health measures as city 
people. It has also been observed that the housing conditions of even 
the farmers are not as good as one would expect, and the cleanliness 
upon which people in other parts of Germany pride themselves is not so 
apparent. Until recent times this region has been more or less isolated, 
so that considerable intermarriage has occurred, and the physical 
stamina of the poeple has suffered in consequence. It is also to be borne 
in mind that the principal industry is wine growing, so perhaps: the 
inhabitants are accustomed to consuming more alcohol. All of these 
conditions combined are sufficient to explain the relative high rate of 
tuberculosis in peace times. The present health officer (Kreisarzt) 
in the City of Trier, while apparently very capable, is only a half-pay 
government physician devoting part of his time to private practice. 
It is the intention soon to employ an expert health officer who will apply 
himself only to health problems. During the war there has been a 
marked increase in tuberculosis, proportionately greater in the cities 
than in the smaller towns and country. The increase is shown by 
mortality statistics and also reports on living cases. The latter is shown 
by the records of the government sickness insurance offices. Two hun- 
dred and fifty members received insurance benefits on account of pul- 
monary tuberculosis in 1914, and 480 in 1918 (charts 5 and 6). At the 
tuberculosis dispensary in the City of Trier in 1916, 189 cases of tuber- 
culosis were under supervision, and in 1918 the number advanced to 
350. In 1913 the death rate per 100,000 inhabitants in the Region of 
Trier was 1491, and, by the end of 1918, this rate had risen to 267.5. 
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In the Region of Coblenz the rate increased from 1222 in 1913 to 1496 
in 1918. 

In considering the various districts (Kreises) in the area occupied by 

the American Army, the deaths from tuberculosis since 1912 have been 

_ distributed as follows: 


1914 


Number|Number 
of 
deaths | 160,000 


Trier region: 
Trier Stadt 161.4 
128.8 


135.3 
50.0 
77.1 
67.1 

151.2 


Coblenz Region: 
Coblenz Stadt 


Number 
of 
deaths 


(Four 
months) 


Trier Region: 
Trier Stadt 87 
Trier Land 63 
Berncastle 61 


Bitburg 8 
15 


20 


Coblenz Region: 
Coblenz Stadt 
Coblenz Land 


| 
1913 1915 
POPULATION | Number Number] Number 
y of per of per 
ita deaths | 100,000 deaths | 100,000 
iM 94 | 167.8 
te 131 | 143.0 
4 Berncastle....................| 45,074 74 | 164.6) 61 74 | 164.6 
49 | 106.6] 23 25| 54.4 
19 | 61.0) 24 17 | 54.6 
37 | 99.4} 25 26} 69.8 
33,731 52 | 154.2} 51 57 | 169.0 
70 | 168.6} 69] 166.1] 88 | 211.9 
59,526 60 | 100.8! 63] 105.8! 66] 110.9 
Coblenz Land.................] 64,035 50] 78.1] 65] 101.5} 48] 75.0 
60 | 144.81 711] 171.1) 39] 94.1 
69 | 73.8] 59] 63.1] 69] 73.8 
98 | 122.4 32] 40.0] 108 | 134.0 
Aide: 16| 62.2} 17] 66.0| 34] 132.1 
i 1916 1917 1918 1919 
| Number Number Number Number Number 
r r 
is deaths | 100,000] deaths | 100,000 160,000 
37,238 | 23] 61.8| 46] 123.5] 71 | 190.7] 
Saarburg...............| 33,731 | 57 | 169.0) 76] 225.3} 71] 210.4) 24 
Wittlich...............] 41,530 72 | 173.4] 101 | 243.2] 96 231.1) 44 
59,526 65 | 109.2) 89] 149.5] 114] 191.5} 64 
45| 70.3) 114.0) 61] 95.2) 52 
Cochem...............| 41,433 64 | 154.5] 100 | 241.4] 87 | 209.9] 26 
Neuwied...............] 93,500 69 | 73.8} 83] 88.8] 101 | 108.2] 34 
Mayen................] 80,088 92 | 114.9] 100 | 124.9] 120] 149.8] 52 
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From the above table it will be seen that most deaths from tuberculosis 
have occurred in the districts with the larger cities. The significance 
of this will be discussed later. Outside of these cities very little anti- 
tuberculosis work is done, although in some of the larger towns tubercu- 
losis dispensaries are in operation on a small scale. The dispensaries 
in Coblenz and Trier are well managed and doing excellent work. A 
number of hospitals in these cities have isolated wards or annexes for 
the treatment of tuberculosis. In Trier, as well as in Coblenz, factory 
nurses are on duty at all the large factories and special precautions are 
taken with reference to tuberculosis among the employees. The social 
welfare work of this area is well organized. At its head is the Region 
President (Regierungsprasident). Most of the administrative work is 
done by women workers (Fiirsorgerinne). The chief Fiirsorgerinne in 
the office of the Region President has under her one or more workers 
in each district. In all the districts, dispensaries have been opened on 
the same plan as the one at Trier. It also maintains homes for working 
girls and extends its aid to every question which concerns the health of 
the people. While this organization codperates with the government 
and correlates all health activities, it functions independently and is 
financed by the invalid insurance offices, by the individual districts and 
by private subscriptions. It has been in existence only since 1917 and 
its success and magnitude will depend largely on the financial support 
which it receives. In addition, there are a number of country and con- 
valescent homes in various parts of the mountains and forest for the 
treatment of scrofulous and anaemic children. The forest school near 
Trier has already been mentioned. ‘Two tuberculosis sanatoria, one at 
Griinewald near Wittlich, and one at Sonnenburg near Saarbriicken, 
are maintained by the sickness insurance offices for the treatment of 
their members, but also receive other patients. Only adult males are 
admitted. ‘The one at Griinwald was visited. It is located in a forest 
on the side of a mountain and affords a wonderful outlook for the patients. 
The cost of maintenance is 5.50 marks per day per patient. Only curable 
cases are admitted and receive three months’ treatment. If not able to 
work then they are taken care of by the invalid insurance offices. The 
great difficulty encountered is in getting enough food to satisfy the sick. 
Those from the country, especially, complain that they can get much 
more to eat at home, and for this reason it is hard to keep them satisfied 
and under treatment. The meals consist of as follows: 
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First breakfast: 7 a.m.: milk, two slices war bread and butter 
Second breakfast: 10 a.m.: bouillon or soup, one slice war bread 
Dinner: 12 noon: soup, meat (13 pounds per week), vegetables (green 


vegetables and potatoes) 
Vesper: 4 p.m.: coffee substitute with milk, two slices war bread 
Supper: 7 p.m.: meat and vegetables or soup, one slice war bread 


During the war the various measures in the prevention of tuberculosis 
had to be neglected to a certain extent due to the shortage of doctors 
and nurses and to the fact that interest centered more in the care of 
wounded and other problems more directly pertaining to the military. 


VARIOUS FACTORS ENTERING INTO THE TUBERCULOSIS INCREASE DURING 
THE WAR 


Without quoting any further figures it is apparent that there has been 
a widespread and marked increase in tuberculosis throughout Germany 
during the war. The bearing this has on the food situation and its 
etiological significance remain to be explained. 

The majority of civilized persons are infected with tuberculosis. 
Infection usually occurs in childhood and most people harbor latent 
foci of the disease in their bodies. Whether or not they develop clinical 
tuberculosis is largely a question of immunity or resistance. Manifest 
tuberculosis often appears during a period of overwork, anxiety and 
grief, poverty, dissipation, following other diseases, following child- 
birth, etc. In our army before the war, a large percentage of cases 
developed during tropical service. If for instance a soldier became sick 
with tuberculosis in the Philippine Islands and was fortunate enough to 
have his disease discovered in an early stage, he often arrived at the 
Army Tuberculosis Hospital, Fort Bayard, N. Mex., an arrested case. 
The explanation of this demonstrates the cause and principle of treat- 
ment of tuberculosis: The depressing influence of unfavorable climate 
weakens the protective forces of the body, thereby permitting latent 
infections to assume disease proportions. As soon as this influence is 
- removed and resistance returns to normal, healing occurs. In the treat- 
ment of tuberculosis, every effort is made to promote the resistance or 
improve the health of the patient. The importance of immunity or 
resistance in the case of tuberculosis is demonstrated in other ways. It 
is a well-known fact that the mate of a tuberculosis person is no more 
likely to have tuberculosis than any other person; that doctors, nurses 
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and attendants of sanatoria who come in constant contact with the 
disease, do not necessarily develop it; that the native population in 
health resorts for consumptives are no more prone to the disease. In 
this connection the tuberculosis mortality statistics of the inhabitants 
of Lippspringe are of interest (11). Lippspringe has been a health 
resort, frequented by large numbers of consumptives, since 1833. The 
patients rented rooms and boarded with the inhabitants, so that it is 
said that every second house sheltered the sick. Thus there was a 
crowding together of numerous cases of pulmonary tuberculosis in a 
relatively small place and in a small community with enormous pro- 
duction and dissemination of tubercle bacilli for seventy-six years and 
the absence of all protective measures until about 1900, or sixty-seven 
years. The tuberculosis mortality among the native population, although 
in close contact and greatly exposed to infection, diminished about one- 
third. 

Tuberculosis more than any other disease, therefore, must be controlled 
from the standpoint of resistance; and too much prominence should not 
be given to the element of infection. The relative part infection and 
resistance have played in the tuberculosis increase is very difficult to 
definitely prove. Attention need only be called to the reports on tuber- 
culin tests to show that in all probability plenty of opportunities for 
infection existed prior to the war, but, as far as children are concerned, 
owing to the undernourishment, scarcity of clothing, lack of care, etc., 
occurring during the war, infection resulted more often in clinical tuber- 
culosis. If the number of tuberculosis infections have increased, it 
will require later years to verify this. The age curve of tuberculosis 
mortality runs about parallel with that before the war (chart 9). It is 
true that more cases of tuberculous meningitis, caseous pneumonia 
and miliary tuberculosis are seen, but except when occurring in children 
they are usually associated with old lesions. The serial autopsy findings 
with reference to latent tuberculosis, among the most quoted being 
Naegeli’s, who found signs of this disease in 97 per cent of a series of 
500 bodies examined at Ziirich, demonstrate the great frequency of 
latent lesions among the German people (12). 

All authorities will agree that when the incidence of tuberculosis in 
a civilized country is increasing we must by all means search for causes 
which are lowering the health and resistance of the population as well 
as for sources of infection. 
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It has been suggested that the tuberculosis increase in Germany was 
largely due to the dying off of those already clinical tuberculous. Al- 
though death has reaped a rich harvest among the consumptives in 
consequence of the war, there is plenty of evidence to show that many 
new cases have developed. This we know from the records of dispen- 

-saries, clinics, insurance offices and the common observation of all doctors. 
The new cases in adults comprise mostly those due to a flaring up of 
old foci never before manifest. 

It is very difficult to determine the relative increase with reference to 
sex on account of the constant shifting of the male population during the 
war. The fact that women have been employed largely in munition 
factories and have had to perform unusual and extra work would lead 
us to expect a greater increase of tuberculosis among them. Weber 
reports that in Berlin the working women were hard hit by tuberculosis 
(5). According to his report the average annual mortality in Berlin 
from pulmonary tuberculosis in the years 1913-1916 was 3375, and in 
1917, 5045, an increase of 49.5 per cent. A comparison of the first nine 
months of 1918 with corresponding periods of 1917 and 1913-1916 
showed an increase of 54.58 per cent for 1917 and 48.68 per cent for 1918. 
The increase among males was 43.47 per cent. in 1917 and 30.63 per cent 
in 1918; and among females, 68.72 per cent in 1917 and 71.67 per cent 
in 1918. 

The increase in communicable diseases, particularly the epidemic of 
grippe, may have played some réle in the greater tuberculosis rate. 
This, however, is not believed to have been a very important factor, as 
the influenza epidemic was confined mostly to 1918, and the tuberculosis 
increase was already very marked in 1916 and 1917. From data obtained 
in the A. E. F., there is no convincing proof that measles, bronchitis, 
pneumonia and influenza played a very large part in the etiology of 
tuberculosis. 

The living conditions of the German poor and working class are said 
to have been comparatively good before the war; but at the present 
time, judging from conditions in Trier, this cannot be said to be the 
case. A thousand of the poorer families were visited by German-speak- 
ing American nurses and first-hand information obtained with reference 
to their environment, food, clothing, income, etc. The result of this 
investigation showed that in the poorer tenements large families are 
crowded into small two and three room apartments, badly lighted, 
poorly ventilated, dirty and infested with vermin. In 757 families 
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some member was sick; in 379 families some member had tuberculosis. 
There were 343 cases of pulmonary tuberculosis and 249 cases of scrofula. 
These figures probably overestimate the relative amount of tuberculosis 
among the poor people of Trier, as visits were made in company with 
the German dispensary nurses, who naturally would include all families 
under supervision of the clinic. 

The effects of the war taking away sons, fathers and brothers put an 
extra amount of work on the women, causing a laxity in the care of the 
infants and neglect in the cleanliness of the home. Under the necessities 
of a severe and prolonged war, women and children were required to do 
the work of men, working long hours under high pressure and at unusual 
tasks. Coupled with all this, the worry, anxiety and sorrow made a 
favorable soil for the growth and development of the tubercle bacillus. 
How large a part environment played in the war tuberculosis cannot 
be said. That it was not as important an etiological factor as food will 
be shown later. We are told that the tuberculosis death rate in France, 
although high, increased very little during the war (2). The industrial 
and economic conditions were about the same in France as in Germany, 
but the suffering for want of food was much less in France. 

In examining 2500 school children, mostly from the poorer districts, 
it was found that their clothing consisted of odds and ends made over 
from their parents’ clothing, that very few of them wore any underwear 
and that woolen garments were rare. Living in poorly heated houses 
and not being warmly clothed have therefore predisposed them to respira- 
tory infections, which would indirectly have some influence on the 
incidence of tuberculosis. 

Among other etiological factors usually mentioned with reference to 
tuberculosis is alcohol, This, however, can be ruled out as a contributing 
cause peculiar to the war, because owing to a shortage of grain and in- 
crease in prices, less alcohol was consumed, especially by the poorer 
classes. 

Since the early part of 1915 all the people of Germany have been on 
a war ration. The calory value of the food eaten daily before the war 
was 3000, of which 12 per cent was protein, 20 per cent fat and 68 per 
cent carbohydrates. The war ration contains only 1400 calories, of 
which 8 per cent is protein, 9 per cent fat and 83 per cent carbohydrates. 
Before the blockade was modified each person was receiving 30 grams of 
fat, 100 grams of meat, 20 grams of sugar, 7 pounds of potatoes and 4 
pounds of war bread per week. We would naturally expect such a reduced 
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diet to have a deleterious effect on the health of the people, especially 
children and those doing manual labor. In the examination of the school 
children of Trier, a great majority showed anaemia, undernourishment 
and undevelopment. This was particularly true in the public schools. 
In examining children in the country schools, especially in the richer 
farming districts, very little malnutrition was noticeable. The farmers 
have been able to hold on to extra supplies and have not been as hard 
hit by the war ration as the city people. It is believed that children 
more than adults have suffered from the great reduction in fats. The 
marked increase in scrofula probably has for its greatest etiological 
factor the lowering of the nutritional standard. The health officer 
(Kreisarzt) of Trier, in his annual reports, points to the food shortage 
as a large factor in the increase of tuberculosis. He has always noted 
that in lean years tuberculosis increased and that during the war, in periods 
when the food shortage was greatest, more cases were seen by him in 
his clinic. In the early fall of 1916, when the food consisted largely of 
beets, tuberculosis began to increase. In May and June, 1917, there 
was a marked rise, due, he believes, to the shortage of potatoes. It is 
interesting to note that the tuberculosis death rate and number of living 
cases has increased more in the cities. This would point to the war 
ration as playing a large factor, for the country people have had more 
and better food. Thus in the City of Trier, the tuberculosis death 
rate per 100,000 has increased from 161.4 in 1914 to 364.1 in 1918, as 
compared with the country district, which has increased from 134 
in 1914 to 170 in 1918. In the cities of Prussia, the tuberculosis 
deaths increased from 31,653 in 1913 to 50,495 in 1917, but in the country 
districts the increase was less marked, namely, from 25,208 in 1913 to 
35,722 in 1917 (chart 7). Cases of pulmonary tuberculosis, applying 
for sickness insurance, increased in the City of Trier from 44 in 1914 to 
208 in 1918; in the City of Saarbriicken from 44 to 110; while in the 
country circles adjacent to these cities from 19 in 1914 to 46 in 1918 
(charts 5, 6, 7). 

In opposition to such proof it may be objected that the country people 
live under better hygienic surroundings. This, however, is not the case. 
In Germany the farming population does not live in isolated homes such 
as we see in America, but in small villages, and it is a well-known fact 
that the housing conditions are not as good and sanitation not as perfect 
as in the cities. In examining school children, two different country 
schools were selected, one in a poor section where the farmers had been 
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to a large extent on the war ration, and another in a richer section where 
the food shortage has not been felt. In the latter the children were 
almost up to the standard, but in the former they showed marked under- 
nourishment and underdevelopment. 


SUMMARY 


The following points seem to stand out most prominently with refer- 
ence to the tuberculosis situation in Germany: 

1. The German methods of combating tuberculosis are about the 
same as those employed by the best state health organizations of our 
own country. 

2. Before the war Germany, by means of a well-organized and efficient 
health organization, was carrying on a successful campaign against 
tuberculosis. Due to this and also to the fact that as a great in- 
dustrial and commercial power she had become a tuberculosis-immune 
nation, her comparatively low death rate from tuberculosis was steadily 
decreasing. The latter especially necessitates studying the tuberculosis 
situation during the war more from the standpoint of lowered resistance. 
In other words, we have a nation highly infected with tuberculosis, 
with chronic and curable forms of the disease and with few deaths. A 
large percentage of the population were harboring latent foci or holding 
in check quiescent lesions. Under the favorabe conditions of peace, 
they could do this successfully, but under the depressing influence of 
the war, clinical and fatal tuberculosis resulted. 

3. In the area occupied by the American Army, tuberculosis is slightly 
more prevalent and the death rate relatively higher than that of Prussia. 
In this area an active campaign is being carried on against the disease, 
which at least in the cities is well organized. 

4. Tuberculosis in all its forms and for all ages has markedly increased 
during the war. 

5. Of all the etiological factors entering into this increase, the short- 
age of food is most important. 

Thus we have undernourishment, overwork, the stress and strain of 
a long war and unfavorable environment preparing a fertile soil for the 
tubercle bacillus to flourish in all its glory. The anxieties of war have 
ceased, although the wounds of sorrow have not healed. Environment 
largely the result of poverty cannot be greatly improved until Germany 
is once more prosperous. The food situation, which is no doubt the 
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greatest factor in the cause of the tuberculosis increase, can, however, 
be remedied. Tuberculosis patients are dying because they cannot 
obtain the proper nourishment so essential to the treatment of their 
disease. Those infected are becoming clinically tuberculous. Un- 
questionably the children of the poorer classes in the cities and the sick 
are suffering as a result of the shortage of food and should be the first 
to receive relief. The increase in tuberculosis is relative to the shortage 
of food, and improvement of the food supply is necessary for its reduction. 
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THE ELIMINATION OF TUBERCULOSIS FROM 
THE ARMY 


RALPH C. MATSON?! 
Portland, Oregon 


The end of the war leads necessarily to a contemplation of the applica- 
tion in civil life of some of the lessons learned during the war, and in 
this connection the utilization of the principles formulated by Colonel 
George E. Bushnell, of the Surgeon General’s Office, for the elimination 
of tuberculosis from the army, is well worth a serious consideration. 

On account of the report authorized by Professor Landouzy, one of 
France’s most prominent physicians, that 86,000 French soldiers were 
discharged the first year of the war because of tuberculosis, it was justly 
assumed that the situation was indeed serious and that warfare exerted 
a very disastrous influence upon the development and spread of pul- 
monary tuberculosis. Accordingly, laymen and physicians expressed 
themselves that the slightest indication of the presence of tuberculosis 
or its preéxistence was sufficient basis for rejection of registrants or dis- 
charge of our soldiers from military service. 

Apprehension was felt at the time we entered the war by not only the 
National Tuberculosis Association, but also by the Surgeon General’s 
Office, that we should find our combatant forces menaced by tuber- 
culosis. Accordingly, the Surgeon General decided that the entire 
army, if possible, should be examined for tuberculosis by specially trained 
physicians, as it was even a more vital issue with us than with the French 
and British, on account of our long lines of communication, shortage of 
transport, and difficulty of hospitalization. To have the added handi- 
cap of large numbers of tuberculosis cases would not only materially 
reduce the fighting effectiveness of our army, but would fill beds that 
should take care of the inevitable percentage of sick and wounded. 

The occurrence of any surplus of tuberculosis among the French and 
British troops was excused on the grounds that these were mobilized 
quickly and that existing extenuating circumstances made examination 
impossible, but laymen assumed that we had no excuse. Granting we 
were forewarned, it must be remembered that we also mobilized quickly, 
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especially the second draft. At that time the German armies were 
making headway toward Paris, and the machinery of mobilization and 
training in this country was working to its utmost to send soldiers to the 
- aid of our allies at the earliest possible moment. Registrants were pour- 
ing into camps in great numbers and the time allowed for examination 
was too short. 

At Camp Lewis, for instance, increments approximating 15,000 men 
arrived about the first of each month. These men were examined at 
the rate of 1500 a day and the examination completed within twenty- 
four hours, and the men assigned to organizations, or rejected and sent 
home 'to make room for others. Decision to accept or reject had to be 
made atonce. There were no facilities for extending observation. Fur- 
thermore, there was a scarcity of competent trained examiners, and the 
necessity for examinations being made rapidly, in surroundings decid- 
edly unfavorable for auscultation and percussion, made it obvious that 
all that could reasonably be expected was the detection and rejection of 
manifest cases of pulmonary tuberculosis. Moreover, the diagnosis of 
tuberculosis at military camps was exceedingly difficult because of the 
enormous numbers of acute respiratory infections due to the hemolytic 
streptococcus which in many instances invaded the peribronchial tissues, 
producing an interstitial bronchopneumonia. Added to this, there were 
still other difficulties encountered in military examinations which did not 
exist in civil practice. There were first, the statements of men as to symp- 
toms which could not be accepted at anything like their appraised 
value in civil practice, but required the support of objective evidence, 
because, where one man through patriotic motives misrepresented the 
truth regarding his physical condition to get in, another of the slacker 
type would deliberately lie to get out of the service, while still others seek- 
ing enlistment concealed symptoms, hoping to obtain treatment or com- 
pensation. Many claimed they were tuberculous, and supported their 
claims by letters from physicians. Hundreds of these letters were brought 
to Camp Lewis by registrants from the Southwestern States. 

Moreover, there was not only the responsibility that obtains in civil 
practice of deciding what was best for the individual, but a national 
crisis existed, and we had also a responsibility to the country. It was 
important to secure soldiers, and while we had enormous manpower, we 
had no right to waste it by permitting men with questionable signs of 
tuberculosis, in the way of slight or questionable deviations from the 
normal, to escape service. It was therefore necessary that conclusions 
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as to the existence or nonexistence of tuberculosis be based on carefully 
weighed evidence. 

In spite of all these difficulties, very definite plans formulated by 
Colonel Bushnell were under way within two months after the declara- 
tion of war. Colonel Bushnell outlined the principles, and standardized 
the methods and indications which were to govern in deciding as to the 
existence of pulmonary tuberculosis in a form incapacitating for military 
service. These principles were outlined in a somewhat radical way per- 
haps, and issued in the form of a War Department circular (circular 20), 
which naturally aroused some opposition among the tuberculosis special- 
ists of the country. However, this was rather to be expected; for, nat- 
urally, concrete statements regarding what was and what was not tu- 
berculosis, of a character rendering the individual unfit for military serv- 
ice, was a new problem with which none, with the exception of Colonel 
Bushnell, had had practical experience; and controversy was inevitable, 
because it contemplated accepting for service those with arrested or 
healed lesions of minimum extent and in good physical condition, con- 
trary to the generally accepted idea that an individual who had even a 
history of tuberculosis should not render military service. 

Time permits only the briefest reference to some of the more important 
principles outlined by Colonel Bushnell. He maintained that the first 
tuberculous focus accessible to physical examination is not the initial 
focus of the disease—in other words, he revived the teachings of Laennec 
and held that physical examination does not reveal the existence of an 
incipient focus of active tuberculosis before the advent of rales, and that 
many of the generally accepted signs of recent or incipient disease, such 
as bronchovesicular breathing or roughened inspiration with prolonged 
expiration, combined with impairment of percussion resonance over the 
upper part of the upper lobe of a lung, in the absence of rales, is evidence 
of an old or obsolete lesion rather than incipient or recent one, as these 
signs are due to induration of lung tissue; and induration caused by acute 
inflammation is relatively rare in pulmonary tuberculosis of a type likely 
to be present in registrants reporting to a camp for examination, as the 
process is not generally met with in an ambulant adult in apparently 
good health, and, when it does occur, the individual is manifestly ill. 

Colonel Bushnell also pointed out that most of the above types of 
lesions are old lesions, and possibly abortive types of tuberculosis de- 
scribed by Bard, and that manifest tuberculosis of the cortex of the lung, 
which clinicians are accustomed to call an early lesion, is a relatively late 
development. 
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This view is supported by Piery, who states (quoted by Bushnell), 
“The error of thirty years‘has been to attribute to an incipient lesion 
what really proceeds from an old attenuated or abortive tuberculosis, 
and from this error has sprung eminently disastrous results in the field 
of practical medicine.” Laennec, the father of modern diagnosis, taught 
that discrete tubercles in the healthy lung tissue could not be recognized 
until the occurrence of rales. Grancher and his followers, however, 
taught that changes in breathing became apparent before the focus soft- 
ened. The Laennec view, however, as Colonel Bushnell points out, is 
supported by the post mortem evidence that early miliary tubercles 
cannot be detected by physical signs, and that the size of the tuberculous 
focus found at autopsy is much greater than determined during life by 
physical diagnostic methods. Furthermore, autopsy shows that recent 
extensions from old lesions escape detection by clinical methods; there- 
fore, it is not reasonable to expect that incipient circumscribed foci in 
the apex would be detected by auscultation and percussion before rales 
make their appearance, because if auscultation cannot detect foci of 
miliary tubercles or recent fresh extensions of chronic tuberculosis before 
rales develop, there is no reason why it should be expected to detect 
scattered or minute foci of apical tuberculosis. 

Colonel Bushnell insisted upon proper interpretation of the significance 
of rales, which he divided into those of acute inflammatory processes, 
the crepitant and subcrepitant, and those of chronic inflammatory proc- 
esses, which he termed ‘“‘indeterminate’’ rales, because they have no 
fixed place of origin, no fixed size, and are not connected with any definite 
period of respiration. These latter are the rales associated with chronic 
inflammatory processes of manifest pulmonary tuberculosis. Colonel 
Bushnell maintained that the only trustworthy sign of activity was the 
presence of persistent moist rales. 

There has been a constant effort on the part of clinicians to devise new 
methods of early diagnosis, assuming that the earlier the diagnosis the 
greater the percentage of cures, and because of the difficulty of diagnosis 
of early tuberculosis, innumerable ultrarefined methods of percussion 
have been brought out, largely through protégés of the Grancher school. 
However, the physiological range of normal disparities is so great that one 
should not and cannot expect auscultation or percussion to furnish posi- 
tive evidence regarding questionable deviations from the physiological, 
bordering on pathological changes. 
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Undoubtedly, active tuberculosis is often diagnosed when no clinical 
tuberculosis exists; and old, spontaneously healed and arrested foci are 
mistaken for incipient lesions, subjecting patients to unnecessary treat- 
ment, which often can be ill afforded and, what is of more moment, the 
real disease being overlooked. This not only obtains in civil practice, 
but in military service also, as an enormous percentage of the cases, 
diagnosed as tuberculosis and sent to the army tuberculosis hospitals from 
base hospitals and camps, were found to be incorrectly diagnosed. The 
mistakes comprised overlooked focal infections, syphilis, hyperthyroid- 
ism, acute respiratory infections of the streptococcic type, pernicious ane- 
mia, carcinoma, sarcoma, lung abscess, bronchiectasis, foreign bodies in 
lungs, etc. Thus, hospitals and sanatoria have been filled needlessly, 
and statistics as to the curability of tuberculosis and methods of treat- 
ment vitiated; and in military service this is even more vital, because 
men qualified for service are excluded. According to Major Rist, of the 
French army, subsequent histories of the 86,000 discharged French sol- 
diers, referred to above, showed that less than 20 per cent were ulti- 
mately determined to be tuberculous. The services of these soldiers 
were lost to France at a time she needed men badly. Furthermore, in 
this country during demobilization, the discharge of soldiers thought to 
be suffering from tuberculosis by careless examiners was delayed and 
they were held for unnecessary treatment, as War Department orders 
prohibited demobilization of tuberculous soldiers, and all had to be sent 
to army tuberculosis hospitals for treatment. 

Aside from the economic cost to the country of these mistakes in civil 
practice, we must consider the cost of such mistakes to the United 
States Government, when it is estimated that the cost is about $5000 for 
every soldier returned as tuberculous from overseas, and $1000 for every 
soldier who broke down in this country. 

Mistakes in diagnosis are commonly based upon misinterpretation of 
X-ray findings. The X-ray cannot detect fresh tubercles in the lungs 
when discrete, and it should be appreciated that careful physical exami- 
nation generally predicts the roentgenological findings, except in deep 
peribronchial types of tuberculosis. The roentgenological findings alone 
are of little value unless interpreted by one having a knowledgenot only 
of roentgenology, but also of tuberculosis from a clinical and pathological 
standpoint. As compared with the physical examination, the roent- 
genological examination, even when done by an expert, occupies a place 
of secondary importance in the diagnosis of tuberculosis of clinical 
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Of 570 second draft men at Camp Lewis rejected with clinically evi- 
dent tuberculosis, the roentgenologists recognized 54 per cent as positive 
tuberculous. In an other group of 343 men whom the roentgenologist 
stated were unqualifiedly tuberculous and should be rejected on X-ray 
findings alone, irrespective of physical findings, only 315 were rejected 
after physical examination. The remaining 28 were considered either 
nontuberculous, or to have obsolete lesions, and were accepted for serv- 
ice. We have been able to follow these men through their military 
career, and none has developed tuberculosis. Among another group of 
1500 whom the roentgenologist diagnosed as very suspicious of tubercu- 
losis, physical examination revealed only 128 cases of tuberculosis, which 
were rejected. No case of tuberculosis developed among the remaining 
1372 who were accepted for service. 

Before presenting the results of the examination of 174,212 men in 
military service, and a study of 3000 clinical records at U. S. Army Gen- 
eral Hospital No. 21, permit me to refer to the organization and plan 
of examination used. 

The organization and plan of examination employed at Camp Lewis 
has already been described by the writer (1) (2). The plan was the out- 
come of observations by Major Ray W. Matson in the examination of 
the command for tuberculosis at Vancouver Barracks, Washington, 
August, 1917. During the course of these examinations it became 
apparent that, in the absence of specially trained tuberculosis examiners, 
some plan would have to be worked out which would bring masked forms 
of tuberculosis and those with minimum physical findings to the atten- 
tion of the president of the board. Accordingly, an informal history was 
devised and adopted for the work at Camp Lewis and carried out under 
my direction (Form 1, Camp Lewis Board). 

The Camp Lewis Tuberculosis Examination Board for the second 
draft was organized to examine 1500 men daily and comprised twenty 
preliminary examiners (ten inexperienced) and two experienced exam- 
iners, who acted as refer examiners (the president of the board and his 
assistant). 

In selecting preliminary examiners, an effort was made to get officers 
who were especially interested in the subject, the idea being to give a 
considerable number of medical officers service on the board so that 
organizations going overseas would have at least one medical officer with 
some special knowledge of the diagnosis of tuberculosis. Therefore, fully 
half the personnel of the board was constantly changing on account of 
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temporary assignments for duty during the incoming draft increments. 
The other half constituted a permanent board and was made up of officers 
who, during their temporary assignment, exhibited special talent. Each 
permanent member took a temporarily assigned officer under his super- 
vision. 

The preliminary examiners were instructed to interrogate every man 
verbally regarding family history, past and present history along the 
lines indicated in Circular B of the Camp Lewis Board, and according to 
the informal history form (Form 1 of the Camp Lewis Board). The 
physical examination was then made as suggested in Circular A of the Camp 
Lewis Board and Circular 20, $.G.O., following the principles so master- 
fully outlined by Col. George E. Bushnell. If the preliminary examiner 
had reasons to suspect tuberculosis, either from the man’s family history, 
past history, or the results of the physical examination, he was required 
to initiate the blank history Form 1, send the man in for fluoroscopic 
examination and to the refer examiner for opinion and disposition. In 
any event, this procedure was carried out in cases presenting any of 
the following circumstances: 


A. History of prolonged contact with, or death in the family from, 
tuberculosis. 

B. Inability to work because of ill health. 

C. Well-defined history of previous pleurisy, pneumonia, frequent or 
protracted colds, typhoid fever or any other past illness of prolonged cough 
accompanied by expectoration, hemorrhage from the lungs or expectoration 
of bloody sputum, loss of weight or strength, night sweats, fatigue, etc. (A 
sputum examination was carried out in every case in which cough or expecto- 
ration was asserted, or rales of any description were heard on auscultation, 
except marginal rales.) 

D. Existing cervical adenitis, tuberculosis of the bones or joints, or 
rectal fistula. 

E. Asthenia and all cases in which the physical condition was manifestl 
below par; or lack of evidence of stamina or resistance to disease. 

F. Cases of chest deformity; scoliosis, kyphosis, funnel chest, pigeon 
breast, flat chest and barrel chest. 

G. Cases in which physical examination revealed: 

1. Impaired resonance on percussion. 
2. Increased transmission of voice sounds over areas in which these 
are not normally increased. 
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3. Abnormal breathing, such as sharpened vesicular or roughened 
inspiration, with prolonged expiration, over areas in which this was physiolog- 
ically abnormal, even though no rAles are detected. 

4, All cases presenting rales, except marginal rales. 

5. Fixation of lung borders or Turban shading. 


If the examination as just indicated was distinctly negative and the 
preliminary examiner was of the opinion that there was no evidence of 
disease of the lungs, pleura or mediastinum, he accepted the man and 
indicated this action by placing his number in an assigned space on 
Form 88, M.D. This enabled us to determine the examiner who was 
responsible in any case brought to our attention later, and acted asa 
counter check on demobilization. 

On the other hand, if the man fell into any of the above groups (A, B, 
C, D, E, F or G) the History Form 1 was initialed by the preliminary 
examiner who filled in the important data bearing on the case. He also 
wrote in the result of the physical examination. In case of abnormal 
physical findings, the preliminary examiner was obliged to record the 
results of inspection, percussion and auscultation. A diagnosis was 
required ifa lungabnormality wasnoted. If tuberculosis was diagnosed, 
the examiner was obliged to indicate the character, location, extent and 
activity of the lesion. In case of other lung disease, sufficient evidence 
was given to justify the diagnosis. The preliminary examiner then 
checked for sputum examination, provided the man stated that he suf- 
fered from cough and expectoration, or if any kind of rales, other than 
marginal rales, were detected on auscultation. He wrote his recommen 
dation to the president of the board and his reason for referring the 
case to the roentgenologists and refer examiners; such as, ‘‘family his- 
tory,” “past history,” “physical findings,” “chest deformity,” “asthe- 
nia,” etc. The preliminary examiner signed the blank and placed his 
number on Form 88, together with an “‘H” to indicate that a history 
had been written. The papers were then returned to the conscript, 
who passed them on to the clerks. They completed the history and sent 
the man in for fluoroscopic examination, which was carried out at once, 
the findings being typed on the history form, which was then sent to the 
refer examiner, who reviewed all the evidence; namely, the completed 
history, physical examination by the preliminary examiner and his diag- 
nosis, and the roentgen-ray findings. The refer examiner then either 
accepted the man on accumulated evidence without examination, or the 
man was brought in for careful examination by the refer examiner. 
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If 1500 men were examined by the board a day, it is probable that from 
300 to 400 fell into some of the above groups. All records of these men 
were gone over by the refer examiners, but all men were not reéxamined, 
as reéxamination of all refer cases was unnecessary. For instance, sup- 
pose in a given case the preliminary examiner found the lungs negative, 
but that there was a family history and contact history of tuberculosis, 
for which reason the man was referred; the refer examiner would accept 
the man without reéxamination, if the record showed the man to be 
working steadily, maintaining top weight, without cough or expectora- 
tion, in good general condition, good strength and roentgen-ray negative 
or revealing only an abnormality. However, if the roentgenologist diag- ~ 
nosed positive or suspicious tuberculosis or the man stated he was unable 
to work on account of sickness or loss of weight amounting to 10 per cent 
in the two years previous to entering service, although this might be 
attributed to hard work, the man was reéxamined. A reéxamination 
was done in nearly every case, irrespective of roentgen-ray findings, 
whenever the preliminary examiner noted a lung abnormality, whether 
diagnosed tuberculosis or not. In fact, reéxamination by the refer exam- 
iner was carried out in all cases when there was any evidence suggesting 
tuberculosis either in the past or present history, physical findings by 
the preliminary examiner or by fluoroscopic examination. 

Rejections were made by the refer examiners only and always after 
reéxamining the man. Rejections were based on physical findings 
supported or unsupported by roentgenology. No man was rejected or 
diagnosed tuberculous on roentgenologic findings alone. 

For demobilization purposes, this scheme was altered somewhat to 
meet changed conditions and to facilitate reference to records of men 
previously examined by the Camp Lewis Board, in order that a check- 
up could be made. (A complete report of this work will be published 
later.) For demobilization purposes, the following instructions were 
issued to the examiners on the Camp Lewis Board: 


THE PLAN OF EXAMINATION AS CARRIED OUT BY THIS BOARD IS MODIFIED AS FOLLOWS FOR 
DEMOBILIZATION PURPOSES 


Examiners will refer to Form 135-3 or 395-1 and note whether the officer or soldier claims 
to be suffering from the effects of any wound, injury, or disease or any disability or impair- 
ment of health that is directly or indirectly related to the lungs, pleura or chest wall. Next 
ask the officer or soldier whether he was mustered in this camp, when, and whether he was 
X-rayed in this building, thus indicating that he was referred to the refer examiner at that 
time. Consequently, a previous record of the officer or soldier is on file. Then, ask him if 


| 

i 


ELIMINATION OF TUBERCULOSIS FROM THE ARMY 407 


he has been overseas, and if so, whether in zone of advance, suggesting possibility of having 
been gassed. He will be verbally interrogated regarding his family, past and present history, 
paying particular attention to the manner in which the officer or soldier stood up under 
military training. He will then be examined. 

When a written record or blank history form is prepared, the examiner will always record 
the clinical history and physical findings upon which the diagnosis is based, and the reason 
the case is referred to the X-ray and refer examiner. He is also responsible for recording on 
this form all important data bearing on the base, leaving the remaining blank spaces to be filled 
in by the history clerks. If the officer or soldier is passed by you without reference to refer 
examiner, place your number in the space assigned to the tuberculosis team. If the officer 
or soldier was mustered and X-rayed in this building or passed through this board with 
his organization when it was examined, indicate this by placing a “P” (previous history) 
behind your number. If you write a history and the present history is the only one that 
has been written, indicate this by placing an “H” behind your number. If, in addition 
to the present history, there has been a previous one written, only your number is placed 
upon the blank card. 

A written record on blank form will be prepared and the case sent to the X-ray and refer 
examiner under the following conditions: 

A. Every officer or man claiming a disability of the lungs, pleura or chest wall on 135-1 
or 395-4. 

B. History of prolonged contact or death of a member of the family from tuberculosis, 
except in case the officer or soldier was mustered in this camp and historied upon admission, 
when it will not be carried out again. 

C. Inability to keep up military duties on account of sickness or bad physical 
condition. 

D. Every officer or man who gives a well defined history of previous pleurisy, pneu- 
monia, typhoid or any other illness of a prolonged character which could have been tuber- 
culosis during the five years prior to entering service, except in the case of officers or men 
mustering in this camp upon whom a record has been made and the officer’s or man’s 
physical condition is as good as upon acceptance for service. 

E. Every officer or man not mustered at this camp claiming prolonged cough and expec- 
toration, progressive loss of weight or strength, hemorrhage from lungs or expectoration of 
bloody sputum, either before entering service or after, and every officer or man mustering 
at this camp claiming above, since entering service. 

F. Every officer or man who has had pneumonia, pleurisy, influenza, bronchopneu- 
monia or other disease of the lungs or pleura which confined him to a hospital since entering 
service. 

G. Existing cervical adenitis, tuberculosis of the bones and joints, or rectal fistula. 

H. All cases of chest deformity, scoliosis, kyphosis, funnel chest, pigeon breast, flat 
chest and barrel chest, except those mustered in the camp and referred to X-ray and refer 
examiner upon entering service and where physical condition is not in a class lower than 
on entering service. 

I. All cases wherein physical examination reveals: 

1. Impaired resonance on percussion. 

2. Increased transmission of voice sounds over areas where it is normally not 
increased. 

3. Abnormal breathing, such as sharpened vesicular or roughened inspiration with 
prolonged expiration or bronchovesicular, over areas where it is not physiologically normal, 
even though no r4les are found. 

4, All cases presenting rdles, except marginal rales. 

5. Fixation of lung borders or Turban shading. 


( 
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J. Every officer or soldier returned from overseas having been gassed or claiming to 


have been gassed. 
K. Every officer or soldier who has received a wound of the thorax or neck, whether 


penetrating or not. 

(Form 135-3 and 395-1 were forms which every officer and soldier signed prior to separa- 
tion from military service. These forms were given to the soldier or officer by the discharge 
officer, as authority for examination, as shown on the Board’s unofficial records.) 


It will thus be seen that the system enabled us to check up our work 
fairly well. Moreover, the writer was not only President of the Tuber- 
culosis Board, but camp tuberculosis specialist and President of the 
Discharge Board as well. In addition to the cases seen in these capaci- 
ties, he saw every case occurring in the camp, and was, through the 
courtesy and codperation of Capt. Thos. G. Clement, tuberculosis spe- 
cialist at the base hospital, able to see every case transferred from the 
base hospital to other hospitals. 

A further advantage accrued from the fact that the Ninety-first Divi- 
sion was under observation for ten months at Camp Lewis and then 
ordered overseas. During both this domestic service and subsequent 
overseas service, this division was accompanied and observed by Major 
Ray W. Matson, who was President of the Tuberculosis Board examining 
the first draft. Later it was largely demobilized at Camp Lewis by the 
board. The Thirteenth Division was examined and mobilized at Camp 
Lewis, and under observation six months, then demobilized. Thus we 
were able to compare entrance examinations with exit examinations of an 
enormous number of men who had been more or less under observation at 
home and overseas, from October, 1917, until August, 1919; and finally 
as a further check, records of 3000 patients at U.S. A. General Hospital 
No. 21 have been studied to determine place of mobilization, and whether 
or not they had been previously examined for tuberculosis, and by what 
board. (This report will follow later.) 

Now, as to results, were the examinations worth while? Reference to 
the appended tables answers the question very decisively in the affirma- 
tive. Furthermore, the value was in direct proportion to the thorough- 
ness of the work of the different tuberculosis boards, as well as the ideals 
and qualifications of individual members of the boards. 

The rejection rate of the first million men was 0.873 per cent. The 
breakdown rate was 0.29 per cent. The rejection rate at Camp Lewis 
was 0.78 and the breakdown rate, 0.028 per cent. This difference in 
results is attributed to the general absence of check on examiners in the 
other camps. 
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Table 1 illustrates the comparative value of tuberculosis examinations 
by qualified and unqualified examiners before and after muster. The 
first draft sent to Camp Lewis comprised 37,000 men. They were given 
the usual physical examination formerly given recruits by medical 
officers assigned the mustering duty. It isnot known how many cases 


TABLE 1 
Summary of Camp Lewis Examinations 


REJECTED 
FOR 
SERVICE BY 
TUBERCU- 
LOSIS 
BOARD 
CAMP LEWIS 


TUBERCULOSIS CASES FOUND BY THE 
TUBERCULOSIS BOARD AFTER ENTRANCE 
INTO SERVICE DISCHARGED 
OR TRANSFERRED TO HOSPITALS 


Previously examined 
by Camp Lewfs Tuber- 
oard 


CHARACTER OF MATERIAL culosis 


Second 
First draft draft 


Camp Lewis Tuberculosis 


Not previously examined by 
Board. 


Not histo- 
ried 
| Historied 
Not histo- 
tied 


| Per cent 


Referred by mustering officer at 
muster in examinations of 37,000, 
first draft 1,670 

Examination of command after 
muster, first draft 33,374* 

Regular Army organizations 2,610 

Second draft examined before mus- 

72,983 

Demobilization: 63,575 
Previously examined at Camp 

i 55,075 


8,500 
Camp consultations; miscellaneous 
cases: breakdowns; mustered at 
other camps; not examined at 
Camp Lewis on entrance into 


174,212 111.3) 27 2 


* Among the 3626 not examined out of 37,000, 9 cases of tuberculosis were found in 
General Hospital No. 21. 

+ 278 of these men were discharged by Discharge Board at Base Hospital, Camp Lewis. 

¢ 1 case found in General Hospital No. 21, table 2, included. 

§ 3 cases sent to General Hospital No. 21, table 2, included. 


; 
3 
32910.86 
372t|1.11] 10 | 4t 14 
18 |0.68 
570 |0.78 
1 1) 9 
Not previously examined at 
57 |0.67 
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the latter rejected for tuberculosis, because only questionable cases were 
sent to the tuberculosis board, which acted as a refer board only. Of the 
1670 cases referred by the mustering officer, 329 were found to be tuber- 
culous and were rejected. 

After the 37,000 were mustered, an examination of the command was 
begun by the tuberculosis board. However, only 33,374 were available, 
as the rest had already been sent away to fill up other organizations, 
Among the 33,374 men, 372 or 1.11 per cent cases of tuberculosis were 
found. These cases had of course been overlooked by the medical 
officers at muster in examination. Since these soldiers were already in 
service, they could not be rejected, but were transferred to the base 
hospital and discharged on certificate of disability, or transferred to the 
army tuberculosis hospitals. This not only put the government to the 
needless expense involved in equipping and training these men, and then 
caring for them, but also in compensating them. Many of these men 
had already been trained to fill important positions and had become 
valuable personnel; consequently, their early discharge disrupted the 
machinery and training of the organizations to which they were assigned. 
Special problems and “hikes” frequently had to be abandoned to allow 
groups of men in training to appear for examination. 

A rejection rate of 1.11 per cent seems rather high at first thought. 
However, it is not high, considering the character of the material which 
came largely from the Southwest, and contained enormous numbers of 
health seekers who had been sent by the first draft boards, actually 
thinking change of climate and environment might benefit the mani- 
festly tuberculous individual. 

Of the 33,374 first draft men examined, 30,163 were accepted by the 
preliminary examiners on their own responsibility; among them, ten 
cases of tuberculosis developed. The preliminary examiners referred 
3206 cases to the refer examiners, who rejected the 372 referred to above, . 
as tuberculous (only refer examiners had authority to reject). Among — 
the remaining 2834 accepted for service, 4 developed tuberculosis. ‘Two 
of these cases occurred after four months’ service, one broke down over- 
seas and was returned to U. S. A. General Hospital No 21, (attention 
to this case is invited in connection with table 2), and the other case 
was accepted as a healed lesion, but six months later became active after 
an attack of measles. 

The figures relating to the findings in a Regular Army organization 
reveal the percentage of tuberculosis we would expect to find in an 
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organization, none of whom had had other than the former usual enlistment 
physical examination. The percentage, however, is considerably lower 
than the rejection rate of the first million men. 

The second draft examination comprised 72,983 men, of whom 15,831 
came from the Southwest, and contained many health seekers. Cali- 
fornia, for instance, sent in the draft 13,995 men to Camp Lewis, among 
whom 178 or 1.27 per cent were rejected as tuberculous; whereas, Mon- 
tana sent 10,250, of whom 42 or 2.4 per cent were rejected on account of 
tuberculosis. Still, the physical condition of these men was considera- 
bly better on the whole than the first draft, and the splendid work of the 
medical advisory boards was evident in preventing many cases of mani- 
fest tuberculosis from being sent tocamp. Of the 72,983, 570 or 0.78 
per cent were rejected as tuberculous. Twenty-five per cent of the 
rejects had tubercle bacilli in their sputum upon arrival at camp, no case 
having been seen by a medical advisory board. 

Of the 72,413 accepted for service, the preliminary examiners accepted 
on their own responsibility 56,400, among which number 20 subsequently 
developed tuberculosis. Six of these cases were accepted by one incom- 
petent examiner. Sixteen thousand five hundred and eighty-three were 
referred to the refer examiners, of whom 570 were rejected, as noted above. 
One of those accepted by the refer examiners developed tuberculosis. 
This case was accepted as an arrested lesion, but became active after 
an attack of influenza-pneumonia. 

From a study of the 20 cases, occurring among those accepted by 
the preliminary examiners, it was evident that had instructions been 
followed, these cases would have fallen into the hands of the refer 
examiners, and would have been rejected. 

The demobilization examination of 63,575 men, although even more 
painstaking and with of course an already well-trained and more experi- 
enced board, revealed only 66 cases of pulmonary tuberculosis. Our 
board had previously examined 55,075 of these men, the date of former 
examination ranging from three months to two years before. Among 
the 55,075 previously examined by the board, 9 cases or 0.016 per cent 
of pulmonary tuberculosis were found on demobilization (the average 
in all camps was 0.058 per cent). All of these men had rendered full 
military service. One was a first draft man accepted by preliminary 
examiners. Seven were second draft men accepted by preliminary 
examiners. (Three of these were sent to General Hospital No. 21, and 
included in table 2.) One was seen by a refer examiner, who considered 
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the case an arrested lesion upon entrance five months previously. In 
all, 214 cases of arrested tuberculosis were accepted; two became active. 
However, the following is a typical case of the type accepted, and 
performed full military service: 


E. B. R., aged twenty-two, a private in the Infantry, entered the service June 24, 1918. 
His occupation was that of farmer,—working steadily. He was examined at Camp Lewis, 
June 26. There was no tuberculosis in the family. Past history: He stated he had typhoid 
fever in 1911, and had spat blood for three months before the onset of the fever (aspiration 
tuberculosis). Present history: He stated that he had a cough for three days. He said he 
had “caught cold” on the train, but he stated he had raised sputum from the lungs all 
his life. His strength was good. He had no night sweats or other complaints. Examina- 
tion: His height was 654 inches; his weight was 131 (his highest weight); his general condi- 
tion was good; the habitus was normal, and his attitude was active. The preliminary 
examiner reported the lungs negative. The man was sent to the roentgenologist and to the 
refer examiner on account of past history. The roenigenologist reported: ‘‘ Marked increase 
in density left apex. This is not marked but rather even uniform density. Right apex illu- 
minates much better than left on coughing. Diagnosis: fibrocaseous tuberculosis.”” (An 
unjustifiable fluoroscopic diagnosis from findings noted.) The sputum was negative. The 
refer examiner reéxamined the man and found impairment of percussion resonance, broncho- 
vesicular breathing, bronchophony, with narrowing of Kronig’s isthmus over the upper part 
of upper lobe of left lung. There were no rdles on expiratory cough. «The diagnosis was: 
Healed tuberculosis. 

The man was accepted for full military service and was soon overseas. He returned from ‘ 
overseas to Camp Lewis for demobilization, February 10, 1919. The soldier stated he had 
kept up his military duties and had had no sickness until he went into action in the Argonne, 
September 24, 1918, at which time he was gassed. He was sent to a field hospital. in which 
pneumonia developed, October 8, 1918. He was confined to hospitals until January 6. 1919, 
and was then sent home with a convalescent detachment. His weight at the time of demo- 
bilization was 138 pounds (seven pounds more than when he entered the service), but he 
weighed 150 pounds at the time he was gassed. 

The preliminary examiner recorded that the general condition was good, the habitus n nor- 
mal, the attitude active, and the lungs negative. The man was sent to the roentgenologist 
and to the refer examiner because of the history of gassing. (All men stating that they had 
been gassed were sent to refer examiners.) The roentgen-ray examination was made by one 
of the refer examiners in this instance, who reported: “‘Fan-shaped area of increased density 
extending upward and outward from left hilum to apex. The left apex hazy and does not 
illuminate on coughing. Diagnosis: fibrocaseous tuberculosis.” 

Reéxamination of the man by a refer examiner revealed identically the same findings as 
noted on his entrance examination and a diagnosis of healed tuberculosis was made. 

The two records were compared and since the man was accepted with a healed lesion and 
it had remained apparently the same, the man’s general condition being even better, he was 
discharged with a notation made on the certificate of physical examination prior to sepa- 
ration from military service (135-3 A. G. O.) that a healed tuberculosis was present but existed 
prior to induction into military service and had not been aggravated. The soldier claimed 
no disability and none was given. 

Had the refer examiner accepted the roentgenologic diagnosis, the man would have been 
an original reject, and the army would have been deprived of the services of an efficient 
soldier. On the other hand, had we not had a previous record of the case, or had some other 
method of examination been used, this soldier very likely would have been considered a case 
for one of the tuberculosis hospitals.” 


& 


ELIMINATION OF TUBERCULOSIS FROM THE ARMY 413 


Of the 63,575 men examined on demobilization, 8500 had not been 
previously examined for tuberculosis by any board. These men be- 
longed to the National Guard and various other organizations. Among 
this small group, 57 or 67 per cent with pulmonary tuberculosis were 
found, as shown above. This is practically the same percentage found 
in Regular Army organizations. Three cases of this group belonged to 
the 3626 first draft men mustered at Camp Lewis, but sent away before 

TABLE 2 


PATIENTS IN GENERAL HOSPITAL NO. 
21, FROM CONTRIBUTING STATES TO 
CAMP LEWIS, STUDY OF 3000 CLIN- 
ICAL RECORDS 


MOBILIZED AT CAMP LEWIS 


Mustered at Camp Lewis 


First draft: 
not all 
examined 


LARGEST CONTRIBU- 
TION BY 
STATES TO CAMP 
LEWIS 


Exam- 
ined 


all examined 


All examined 


(incompletely examined) 


Second draft examined before mus- 
ter. 


First draft and enlistments exam- 
ined after entrance into service 


Not histo- 
ried 

Not histo- 
ried 

Total 


& g Not mustered at Camp Lewis 


California 67,067| 27,865} 39,202) 25, 13,995 
Washington 28,686] 8,140) 20,546 13,068 
Montana 27,340} 8,168) 18,172 10,250 
16,158} 7,236} 8,922 8,305 
12,566} 4,081} 8,485 6,007 
10,788} 4,327] 6,461 3,861 
Minnesota 73,680} 68,545} 3,135 5,102 
North Dakota. ..} 18,595] 16,183} 2,412 2,390 
South Dakota...} 21,255} 19,255} 2,000 1,997 
Wyoming 7,923} 6,962} 1,971 1,971 
Colorado 22,858} 21,550) 1,308 1,308 


NOANA 

& WwW bd 
| Historied 

— — Historied | 

Second draft: 

COC OR UY 


dS 
NS 


OF CO OW | Not examined 
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306,916} 192,302) 113,614) 47,360) 68,254 


they were examined by the tuberculosis board. Camp consultations were 
comprised of cases picked up by me as camp tuberculosis specialist, from 
soldiers transferred from other places to fill up organizations at Camp 
Lewis. The number of troops from which these cases occurred is 
impossible to state. Few of these had been previously examined for 
tuberculosis. 

Table 2 throws additional light upon the value of carefuly supervised 
tuberculosis examination. 
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Among 3000 records of the patients at U. S. A. General Hospital No. 
21 studied, there were 183 from the contributing states to Camp Lewis 
who claimed they had been examined for tuberculosis by various boards. 
Of the 183, 170 were not mustered or examined at Camp Lewis, but at 
various other camps and places of mobilization in the area contributing 
to Camp Lewis. Of the 13 cases in General Hospital No. 21 who were 
mustered at Camp Lewis, 9 were breakdowns from the 3626 first draft 
men sent away from Camp Lewis, having been accepted by the mustering 
officer, but before they could be examined by the board. Three of these 
cases were picked up on demobilization by the Camp Lewis Board and 
transferred to the hospital. One was a first draft who had been examined 
and his discharge recommended by his companycommander. The com- 
pany was about to be transferred to another camp, and as this soldier 
was considered valuable to the company commander, he did not initiate 
the form necessary for discharge. Consequently, the soldier left Camp 
Lewis and was later sent overseas, where he broke down and was 
returned to the United States to General Hospital No. 21. This case is 
the only one occurring in the Ninety-first Division among those exam- 
ined for tuberculosis by the Camp Lewis Board. Three cases were from 
the 56,400 accepted by the preliminary examiner without reference to 
the refer examiner. Study of these cases in the hospital made it evident 
that they should have been historied and referred, and undoubtedly 
would have been rejected. 

Table 2, while accurate so far as the material studied at General Hos- 
pital No. 21 is concerned, is on the other hand only relatively accurate, 
because, of course, not all cases from the contributing states to Camp 
Lewis found their way into General Hospital No. 21; and while there 
was only one breakdown overseas in the Ninety-first Division, this case 
being sent to General Hospital No. 21, it is of course possible that cer- 
tain troops examined at Camp Lewis and sent away to fill up other divi-- 
sions could have developed tuberculosis, and found their way into tuber- 
culosis hospitals other than General Hospital No. 21, and no record be 
available. “Nevertheless, it is not probable that the breakdown among 
the smaller group, examined on entrance but not on demobilization at 
Camp Lewis and whose subsequent history is therefore unknown, was 
higher than among the 55,075 who had been examined by the board on 
entrance into service, and again on discharge, after having been under 
observation from three months to nearly two years. In other words, 
we know of 170 cases of tuberculosis that developed from among 192,302 
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or 0.08 per cent (there were of course many others we do not know about, 
as the average breakdown rate was 0.29 per cent for the army), as com- 
pared with 13 or 0.011 per cent we have traced back to the 113,614. 
While it could not be determined absolutely whether the 170 had actu- 
ally been examined by a special board, it was determined that 9 of the 
13 who claim they were examined at Camp Lewis had not been examined 
by the special board, but had received only the usual muster in examina- 
tion. The same may have held true with regard to those mustered at 
other camps. It may be mentioned, then, in passing that an effort was 
made to verify statements as to whether the soldier was examined for 
tuberculosis or not. | 

Granting that there is the same large percentage of error in statements 
and clinical records of the 170 referred to above, and not mustered at 
Camp Lewis as among those who were, the balance is still very much in 
favor of Camp Lewis. 


TABLE 3 
Number cases in U.S. A. General Hospital No. 21 


Table 3 is also only relatively correct, because it would appear that the 
902 examined for tuberculosis upon admission into service are cases in 
which the disease was overlooked, when, as a matter of fact, study of 
these records shows that 590 are first draft men who were imperfectly 
examined, and the disease in many cases was found by tuberculosis 
boards after the men had been mustered into service. Being already in 
the service, they could not be rejected, as was done in case of the second 
draft, but were hospitalized. Absolute figures giving the number of the 
above cases who were examined by tuberculosis boards and passed, and 
later broke down, are not possible, because the information is not con- 
tained in the clinical records, and the patients themselves are unable to 
throw much light upon the problem. The balance of the 902, or 312, are 
second draft men. All were examined for tuberculosis and probably 
should have been rejected, judging from a study of the cases missed by 
the Camp Lewis Board. However, the table shows very clearly the 
value of the tuberculosis examination, because the percentage of break- 
downs among the men who were not examined, constituting the small 
group, is enormously greater than the percentage of breakdowns from 
the large group that was examined. 


Examined for tuberculosis on entrance into service...........scsseeeececsesesess 902 
Not examined for tuberculosis until onset of present illness............seeeeeee+e++ 2098 
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It has been very clearly shown, I think, that the principles so outlined 
by Colonel Bushnell have been of value in eradicating tuberculosis from 
the army, and that the examinations were worth while. It is of national 
importance that the principles followed in the army examinations should 
be projected into medical practice of civil life, and that examination of 
working classes, etc., be undertaken. Pulmonary tuberculosis exists to 
an enormous extent in our cities, in our industries and in other institu- 
tions. Wheaton, in a survey of Chicago, found among 165,700 persons 
examined 2240 moderately advanced, and 323 far advanced cases of 
tuberculosis, or 1.34 per cent, which is about the percentage found in 
the first draft examinations. He found in various institutions from 8 
to 20 per cent easily detected tuberculosis cases, and it is safe to assume 
that similar figures would be found in any city. As a matter of fact, 
whole communities could be examined by a dispensary organized along 
the lines used at Camp Lewis. It is, furthermore, most important that 
a juster attitude be taken regarding the diagnosis of early tuberculosis 
in civil life. Undoubtedly, if our medical students and physicians were 
taught these principles, fewer mistaken diagnoses of pulmonary tubercu- 
losis would be made on the erroneous interpretation of either topical 
variations of normal physical signs or misinterpretation of physical 
signs, due to other diseases. 


Grateful appreciation for valuable assistance is hereby acknowledged to my assistant on 
the Camp Lewis Board, Contract Surgeon B. R. Wallace, and to other members of the Board, 
to Capt. Thos. G. Clement, former Tuberculosis Specialist, Base Hospital, Camp Lewis, 
and later Assistant Chief of Medical Service, U. S. Army General Hospital No. 21; and 
also to members of the Medical Service and Miss Ruth Bond of General Hospital No. 21, 
for valuable assistance in collecting data from patients and from clinical records. 
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THE CLASSIFICATION OF PULMONARY TUBERCULOSIS 
BASED UPON SYMPTOMS AND PHYSICAL 
AND X-RAY FINDINGS 


LAWRASON BROWN, FRED H. HEISE ann H. L. SAMPSON 
From the Trudeau Sanatorium, Trudeau, New York 


The classification of pulmonary tuberculosis has always been unsatis- 
factory and, since it is impossible to exclude entirely the personal equa- 
tion, it probably always will be so. The modification of the National 
Tuberculosis. Association’s classification suggested by Rathbun and 
adopted by the American Sanatorium Association is an attempt to re- 
duce the error due to the personal equation. While the classification 
of the National Tuberculosis Association depends upon both physical 
signs and symptoms, the classification of the American Sanatorium As- 
sociation depends primarily only upon physical signs and subdivides the 
incipient, moderately advanced and far advanced groups into three 
other groups, depending upon symptoms. It has long been recognized 
that any classification that rested upon physical signs was very likely to 
be erroneous, for physical signs, though they tell only what has happened 
and not what is happening, do not always tell the whole story. In fact, 
many have come to believe that, accepting a diagnosis of pulmonary 
tuberculosis, the symptoms reveal what is happening at the time of 
examination and consequently of classification. These facts have long 
been known, and even Turban, whose classification based on physical 
findings has been most widely used, recognized that it did not wholly 
suffice. Be this as it may, to the majority of workers in pulmonary tu- 
berculosis it has appeared that a classification based on the extent of the 
pulmonary disease is to be preferred to all others. 

In another communication we have attempted to show that the in- 
ferences in regard to the extent of disease drawn from the study of 
physical signs may greatly mislead. In 48 per cent of the 814 instances, 
the disease was more extensive than the inferences, drawn from the 
physical signs, would suggest. 

For these reasons it has seemed worth while to us to suggest that the 
classification, based primarily upon the extent of pulmonary disease, 
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should rest not only on the notoriously uncertain physical signs, but also 
upon the extent of disease as shown by X-ray plates. We therefore sug- 
gest that the following additions be made to existing definitions: 


1. To the definition of Incipient (or Minimal): 

X-ray findings to show a total area involved (parenchymatous) not 
greater than the area to the upper level of the 2nd chondrosternal junction 
on one side (both sides may be involved) in the form of scattered mottling, or 
an intense shadow interpreted as pleuritic. 


2. To the definition of Moderately Advanced: 

X-findings to show an intense shadow, not interpreted as pleuritic, of 
no greater extent than the area above the upper level of the 4th chondro- 
sternal junction on one side; or areas of rarefaction interpreted as cavities 
limited to one interspace; or scattered mottling over a greater area than under 
Minimal, but not greater than the area of one entire lung and to the level of 
the 2nd chondrosternal junction on the opposite side. 


3. To the definition of Far Advanced: 

The X-ray to show an intense shadow, not interpreted as pleuritic, of 
greater extent than the area to the level of the 4th chondrosternal junction, 
or areas of rarefaction interpreted as cavities, greater than one interspace, or 
scattered mottling greater in extent than under Moderately Advanced. 


The classification of any case would be made either by physical signs 
or by X-ray findings, selecting the one that revealed the greater extent 
of disease. This should of course be indicated by P. S. in brackets when 
the classification depends upon physical signs, or by X-R in brackets 
when it depends upon X-ray plates. 

We would also suggest that, even when the symptoms fall in the in- 
cipient group (Group A), the case may nevertheless be active, and even 
in the moderately advanced group the disease may be inactive. Hence, 
it seems to us wise to consider whether it is well to attach the letters A 
or I, indicating “active disease’ and “‘inactive disease,” to each record. 
We fully realize that it might be well to define these terms more fully 
before accepting such additions to the classification. 

The term Incipient has long been a stumbling block. The word im- 
plies time, and, as used in our classification, it ignores time. For ex- 
ample, a patient may go to Colorado and be classified as Moderately 
Advanced. After a year’s residence he may return east for a change 
and seek admission to another institution. While in Colorado he may 
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have improved so much that, on his return, it would be necessary to 
classify him as Incipient. The whole struggle about the definition of the 
incipient group was to make it define a type of case that was in a stage 
about as early as any in which a positive diagnosis could be made. For 
these reasons it seems to us that the term Minimal would express this 
idea far better, and for future workers remove the stumbling block of 
time; for they would no longer wonder how disease of ten or more years 
duration could be called incipient. 


CLASSIFICATION OF PULMONARY TUBERCULOSIS 


1. On Admission. 

These definitions indicate the furthest extent of disease and the greatest 
severity of symptoms that a patient can present and still belong to the stage 
defined. All patients beyond the minimal stage fall in the moderately ad- 
vanced stage, unless the physical signs, X-ray findings and symptoms exceed 
those of the moderately advanced stage, when they should be classified as 
far advanced. 

Minimal. Slight or no constitutional symptoms (including particu- 
larly gastric and intestinal disturbance or rapid loss of weight), slight or no 
elevation of temperature or acceleration of pulse at any time during the 
twenty-four hours. 

Expectoration usually small in amount or absent. 

Tubercle bacilli may be present or absent. 

Slight infiltration limited to the apex of one or both lungs, or a small 
part of one lobe. 

X-rays findings to show a total area involved (parenchymatous), not 
greater than the area to the upper level of the 2nd chondrosternal junction 
on one side (both sides may be involved) in the form of scattered mottling, or 
an intense shadow interpreted as pleuritic. 

No tuberculous complications. 

Moderately Advanced. No marked impairment of function, either 
local or constitutional. 

Localized consolidation moderate in extent with little or no evidence 
of cavity formation; or infiltration more extensive than under Minimal. 

The X-ray to show an intense shadow, not interpreted as pleuritic, of 
no greater extent than the area above the upper level of the 4th chondro- 
sternal junction on one side; or areas of rarefaction interpreted as cavities 
limited to one interspace; or scattered mottling over a greater area than under 
Minimal but not greater than the area of one entire lung and to the level of 
the 2nd chondrosternal junction on the opposite side. 
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No serious complications. 

Far Advanced. Marked impairment of function, local or constitutional. 

Marked consolidation of an entire lobe. 

Or disseminated areas of beginning cavity formation. 

The X-ray to show an intense shadow, not interpreted as pleuritic, of 
greater extent than the area above the upper level of the 4th chondrosternal 
junction of one side, or areas of rarefaction interpreted as cavities, greater 
than one interspace, or scattered mottling greater in extent than under Mod- 
erately Advanced. 

Or serious complication. 

Miliary tuberculosis. 


2. On discharge. 

Apparently arrested. All constitutional symptoms and expectoration 
with bacilli absent for a period of three months; the physical signs and X-ray 
findings to be those of a healed lesion. 

Quiescent. Absence of all constitutional symptoms; expectoration and 
bacilli may or may not be present; physical signs and X-ray findings to be 
stationary or retrogressive; the foregoing conditions to have existed for at 
least two months. It must be borne in mind that increase of physical signs 
with lessening of symptoms and improvement of general condition may occur 
in quiescent cases. However, in these cases the X-ray must show a stationary 
or retrogressive condition. The length of time mentioned is, of course, 
somewhat arbitrary, but it is intended to cover the cases which frequently 
occur where the patients leave a sanatorium for various reasons, contrary to 
advice, after a stay of a few weeks, although all active symptoms may have 
ceased completely soon after entrance. 

Improved. Constitutional symptoms lessened or entirely absent; 
physical signs and X-ray findings improved or unchanged; cough and expec- 
toration with bacilli usually present. 

Unimproved or Progressive. All essential symptoms, physical signs 
and X-ray findings unabated or increased. 

Died. 


3. Ultimate results. 

Apparently Cured. All constitutional symptoms and expectoration 
with bacilli absent for a period of two years under ordinary conditions of life. 

Well. Patients who fulfill all the conditions required under Appar- 
ently Cured but about whose sputum no definite information can be obtained. 

Arrested. See Quiescent above. 

Improved. See above. 

Progressive. See above. 

Dead. 
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DEFINITION OF TERMS 


Terms used in definition of minimal. 

1. Slight constitutional disturbance. Slight loss of appetite, of strength, 
of weight; lassitude; possibly slight acceleration of pulse or possibly slight ele- 
vation of temperature. The impairment of health may be so slight that the 
patient does not look or feel sick in the ordinary sense of the word. 

2. Slight elevation of temperature. Maximum temperature after rest 
for one hour never over 99.5° to 100°F. by mouth (or 100.5° per rectum). 

3. Slight acceleration of pulse. Maximum pulse rate not over 90 after 

_rest for one hour, sitting or lying, except when due to causes other than tuber- 
culosis. 

4. Absence of tubercle bacilli. Each monthly examination (if the spu- 
tum be negative) to consist of a careful microscopic examination, with a 
mechanical stage, of two smears, devoting at least three minutes to each smear, 
made from selected particles (at least six from different parts) of the sputum 
on each of three successive days. The morning sputum should always be 
obtained, or, better, the minute bits that some arrested patients raise at very 
infrequent intervals. It is not yet deemed wise to insist on digestion and 
centrifugalization or on inoculation of guinea pigs. 

5. Physical signs of infiltration. Slight prominence of the clavicle, 
lessened movement of chest, narrowing of apical resonance with lessened move- 
ment of base of lung, slight or no change in resonance, distant or loud and 
harsh breathing, with or without some change in the rhythm (that is, pro- 
longed expiration), vocal resonance possibly slightly increased; or fine or 
moderately coarse rales present or absent. If sputum contains tubercle 
bacilli, any one of these. 

6. Apex. That portion of the lung situated above the clavicle and 
the third vertebral spine. 

7. A small part of one lobe. An area of one or two intercostal spaces, 
or an area not exceeding 60 to 80 sq. cm. in extent, according to the size of 
the patient. 


Terms used in definition of moderately advanced. 

1. Marked impairment of function, either local or constitutional. Local: 
Marked dyspnea on exertion limiting seriously the patient’s activity. Con- 
stitutional: Marked weakness, anorexia, tachycardia. 

2. Moderate extent of localized consolidation. An area of one half lobe 
or less, but may involve both apices; marked dulness, bronchial or decidedly 
bronchovesicular breathing; markedly increased vocal resonance; rales usually 
present. These signs to be sharply limited as to area instead of gradually 
shading into normal physical signs. 
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3. Evidence of destruction of tissue. Presence of tubercle bacilli or 
elastic fibers in the sputum or the presence of the physical signs of a cavity. 
There are no absolutely certain physical signs of cavity but a combination 
of any four of the following signs is to be taken as indicative of a cavity: (1) 
cracked-pot note; (2) amphoric breathing; (3) intense whispering pectorilo- 
quy; (4) a veiled puff or post-tussive suction; (5) bubbling rales. ‘Physical 
signs of softening” do not admit of any definition apart from that of cavity 
formation, and the term should not be used. 

4. Disseminated fibroid deposits. More or less localized areas of 
fibrous tissue, producing on physical examination some change in dulness in 
the percussion note, more or less increase of vocal resonance, harsh, suppressed, 
or bronchovesicular breathing, r4les sibilant or sonorous ay but at times 
fine and moderately coarse. 

5. Serious complications. These should be limited to tuberculous com- 
plications, such as meningitis, pharyngitis, laryngitis (except slight thicken- 
ing of the posterior interarytenoid space, and superficial ulceration of a vocal 
cord), enteritis, peritonitis, nephritis, cystitis, orchitis, adenitis (unless very 
slight), etc. 


Terms used in definition of far advanced. 
1. Marked consolidation. Indicates dulness merging into flatness, 


bronchial or tubular breathing and other signs of consolidation as defined in 
paragraph 2, Moderately Advanced. 


Definition of terms used in X-ray classification. 
These conditions are judged from plates (negatives) and not from fluoro- 
scopic screen or photographic prints (positives). 

1. Mottling. Characterized by numerous various sized transparent or 
translucent spots with ill defined margins, usually fusing with one another; or 
the small spots may be scattered and may be discrete, though usually they 
have ill defined margins and tend to fuse with surrounding shadows. The 
term mottling is not to be used to describe isolated small densities where they 
can almost be counted. The term mottling implies numerous tubercles. 

2. Intense shadow. An area or areas (of an interspace or more) of 
almost transparency. Thisistobeintrapulmonary andif possible differentiated 
from pleuritic changes which may also cast an intense shadow. The mam- 
mae, the pectorales and the sternocleidomastoid muscles are often confusing 
but can be differentiated by proper technique. The character of an intense 
shadow is about like that cast by the heart. 

3. Area of rarefaction. Characteristic areas of rarefaction are the lu- 
men of the trachea in the mediastinal shadow or a bleb of gas in the fundus of 
the stomach. These areas transmit more X-ray when compared with the 
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shadows cast by the tissues in the immediate neighborhood. These areas of 
rarefaction reveal a diminution or complete absence of lung markings and 
imply intrapulmonary cavity. Very often overlying shadow-producing tissue 
and pathological changes (thickened pleura) make the detection of an area of 
rarefaction difficult. Annular shadows are to be differentiated if possible. 


Terms used in definition of apparently arrested. 

1. Constitutional symptoms. These include elevation of temperature, 
loss of weight, loss of strength, night sweats, chills, tachycardia, cyanosis, 
loss of appetite, amenorrhea, etc. 

2. Physical signs of a healed lesion. ‘These may embrace every physi- 
cal sign of infiltration or consolidation (see paragraphs 5 Minimal and 2 Mod- 
erately Advanced) with the exceptions of rales, which must be permanently 
absent, except possibly a few fine rfles at the base, probably atelectatic in 
origin, and at one apex or over a small part of onelobe. RaAles in the latter 
two places are to be heard only during the cough, at the end of a prolonged 
expiration, or during the inspiration which follows the cough. 

3. X-ray findings in a healed lesion. The condition to be stationary 
or retrogressive for the preceding three months. 


Terms used in definition of improved. 
1. Constitutional symptoms lessened or entirely absent. By this is 


meant an improvement in the general condition as shown by a gain. in both 
weight and strength or by reduction of previous febrile temperature to normal 
without loss of strength. 


Terms used in definition of unimproved or progressive. 

1. Essential symptoms and signs. These include, among others, weight, 
strength, appetite, night sweats, hemoptysis, pleurisy, dyspnea, temperature, 
pulse rate, dulness, changes in vocal resonance and respiratory movement, 
rales. 


Terms used in definition of apparently cured. 

1. Ordinary conditions of life. This term as used implies that the 
patient is able to live in an environment where he is able to support himself 
without the assistance of others, or to live in his former surroundings and 
pursue his former occupation. 


THE CLASSIFICATION OF PULMONARY TUBERCU- 
LOSIS AS MODIFIED BY STEREOSCOPIC 
ROENTGENOGRAMS! 


BERTRAM H. WATERS anp J. BURNS AMBERSON, Jr. 
Loomis Sanatorium, Loomis, New York 


A review of the literature of recent years upon the diagnosis of pul- 
monary lesions, especially that referring to the value of the roentgen 
ray, is interesting. In the earlier contributions of clinicians there may 
be found expressions of doubt; and even the most enthusiastic radio- 
graphers, absorbed in the technical development of their art and strange 
to the new method of examination, were unprepared to insist upon its 
accuracy or the interpretation of their findings. 

With more general use of the fluoroscopic screen and photographic 
plates, and rapid improvement in technical methods, a new note of 
assurance appears in the discussions of the relative value of established 
methods of examination by the clinician and the newer one of the roent- 
genologist, in the diagnosis of early pulmonary tuberculosis. At this 
period the former had learned, often by discomfiting experience, that 
roentgenograms could disclose cavities of size which he had missed and 
gross lesions, generally, the extent of which he had not suspected; while 
the latter was beginning to realize that many appearances of infiltration 
and even definite shadows, were not accompanied or followed by the 
symptoms of clinical tuberculosis. But with a tenacity almost pathetic, 
the clinician on the one hand, is often found still opposing the inference 
that classic procedures in the physical examination of the chest are not 
sufficient, or even superior for the diagnosis of early lesions; and indeed 
he is often rewarded by the failure of the radiograph to disclose them in 
patients unquestionably tuberculous, while on the other, the roentgeno- 
logist, with an eagerness and assurance born of conscious possession of 
new and valuable methods of study, contends for the significance of 
slight variation from the normal intensity of linear markings and peri- 
bronchial or localized parenchymatous shading. 


1 Read before the Clinical Section of the Sixteenth Annual Meeting of the National 
Tuberculosis Association, St. Louis, Missouri, April 23, 1920. 
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In 1916, Minor (1) in a splendidly fair discussion of the subject, while 
maintaining that “the solution of the question of the exact diagnostic 
value of the X-ray is not yet possible,’ conceded it to be indispensable 
in determining the character and-extent of grosser or deeply placed 
lesions, admitted that ‘“‘in a few difficult cases the stereoscopic plate is 
needed for a final diagnosis,” and urged the routine use of the fluoroscope, 
and, for more leisurely study and permanent record, stereoscopic plates. 

Since then much careful and illuminating study has been given to the 
interpretation of roentgen findings, especially by radiographers, with the 
effect of more firmly establishing their case, in the course of which the 
further perfection of their technical methods and the use of stereoscopic 
plates have been most important factors. 

While it is true that even so recently as 1919, Walsh, Wood and Thomp- - 
son (2) reported experimental work tending to the conclusion, among 
others, that ‘‘much of the teaching and speculation in regard to X-ray 
shadows in connection with tuberculosis of the lungs is far from correct 
as is proved by autopsy,” they are in agreement with the majority of 
clinicians and roentgenologists alike, in the expression of their opinion 
that ‘‘the best results are achieved by careful diagnosis compared with 
the X-ray plates, and, if differences are found, submission of these to 
physical examination before conclusion is reached.” 

For several years it has been the custom at Loomis Sanatorium to 
make and study stereograms of each patient, but no critical comparison 
of these findings with those of the physical examination was made as a 
routine procedure until December, 1918. Since then, with the hope of 
contributing to this important subject, and with the thought that such 
comparison might modify somewhat the classification of our patients, 
which prior to that time had been determined solely upon the character 
and extent of the pulmonary lesion as revealed by physical signs, 100 
patients and at least one set of stereograms of each have been studied 
in the following manner: 

The initial physical examination of approximately all of them has 
been made by one of us (W.) and quite independently of the results of 
this the stereogram of each has been read by the other (A.). In afew 
instances only the physical examination as well as the interpretation of 
the plates has been done by the same examiner (A.), but in every instance 
the original physical examination has been checked up at least one month 
later either by the other author (W.) or by other members of the medical 
staff. At their stated conferences each case has been reviewed, the 
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stereogram again studied, the findings compared with those of the orig- 
inal and later physical examinations, and, if necessary, a reclassification 
made, in the determination of which the history and clinical symptoms. 
have been given their proper values. In a few instances, when very - 
marked discrepancies were apparent in these critical reviews, the physical. 
examination was repeated and all obviously defective plates were rejected: 
and new ones made. 

The patients studied have been, with few exceptions, of the moderately 
or far advanced type and do not, therefore, present sufficient data for: 
conclusions relative to the advantage of either method in the diagnosis. 
of slight abnormalities of doubtful character or of early (incipient) 
tuberculosis. Nor in lesions of the latter type, or even in those of more: 
advanced degrees, are we prepared to contend that the stereogram alone 
gives us more dependable information as to their activity than physical 
examination alone. We are inclined to believe, however, that very 
frequently indeed the stereogram discloses areas of conglomerate tubercles: 
in the lung parenchyma so well described by Minor (1) as “cloudy masses. 
floating over the lung picture like a sea fog blowing over the land,” which 
have not given auscultatory evidence of their existence, and even before 
any unfavorable clinical symptoms have suggested active progressive: 
disease; and we do share his opinion that these “‘are uniformly connected 
with advancing and active trouble.” 

There seems to be no question, however, that stereograms are indis-- 
pensable in determining accurately the anatomical distribution and path-- 
ological character of the more advanced pulmonary lesions of tuberculo- 
sis, and that frequently enough, to be of the greatest value not only in: 
guiding the management of patients but also in determining the formal 
classification of cases, the stereogram clearly pictures conditions which: 
physical examination entirely fails to indicate or very imperfectly discloses. 

At present we desire to consider this conclusion with reference to: 
classification only. At Loomis certainly, and probably at other sana- 
toria also, patients have been classified according to the findings of 
physical examinations aione with, as we believe, a considerable factor 
of error, and to the extent that this has obtained, the published statis- 
tics of such institutions are inaccurate, their patients, on admission and. 
probably also on discharge, being in more advanced stages of their disease: 
than is apparent. In some measure, therefore, the beneficial influence: 
of sanatorium care receives less credit than it deserves and the satis-. 
factory return of health enjoyed thereafter by so many tuberculous. 
persons assumes a new significance. 
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Any classification of tuberculous patients is of necessity an arbitrary 
one and that now in general use, though unsatisfactory in some respects, 
has served its purpose well. Since, however, the stereoroentgenogram 
has demonstrated its value as an accessory method of investigation in. 
any physical examination which purposes to be searching and complete, 
and since its findings so frequently and materially modify the concep- 
tions of the lesion which are based upon physical signs alone, it seems. 
proper that they should share in the determination of the classification. 

Errors in physical diagnosis are only too frequent. The cause of 
these errors is a matter of physics and will not be discussed here; suffice 
it to say that our mistakes fell curiously into several groups. 


TABLE 1 
General results 


Original classification unmodified 

Original National Association classification unmodified. Original 
Turban classification modified 

Original National Association classification modified. Original 
Turban classification unmodified 


* Of the first group of 67 cases, there were 41 in which no revisions whatsoever were 
made. In the remaining 26 there were minor changes, which, however, were not sufficient. 
to alter the final stage. These changes which were in the details of the Turban classification, 


were as follows: 


Early, patulous walled cavities, some of them quite large, often were 
not discovered on physical examination. When cavities. were old with 
fibrotic walls, they were usually noted. 

Deep seated infiltration, especially of the hilum and lower lobe type, 
without moisture, was another source of error. Usually the lesion was. 
discovered but its extent was not suspected. 

In a small group of cases slight changes in breath sounds with rales. 
were erroneously interpreted as evidence of tuberculosis. 

In a still smaller group fibrosis was mistaken for cavitation. 

All cases were grouped on admission according to the classification of: 
the National Tuberculosis Association and that of Turban. The roent- 
genological diagnosis was subsequently made according to Turban and: 


the schema suggested by Heise and Sampson (3). 


| 
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The revised grouping adopted by the staff conference was similar in 
form to the admission classification. 

The immediate results of the study are shown in tables 1 and 2. 

These’ figures, showing that more than three-quarters of the minor 
changes were made within the Turban III group, emphasize, in passing, 
the too great inclusiveness of that group. 

In 14 of the first group of 67, the X-ray classification differed slightly 
from the clinical. In these cases, however, the clinical classification was 
considered more nearly correct. 

A study of these tables shows, first, that although in the large group, 
so far as classification is concerned, roentgenology had only a confirm- 
atory bearing, there is a very considerable group in which it was respon- 
sible for modifications of the classification, and its ultimate influence 
upon the management of a given case requires no emphasis. Intelli- 

TABLE 2 
Minor alterations 


RIGHT SIDE LEFT SIDE BOTH SIDES 


1 
11 2 


"13 10 3 


gent treatment presupposes an accurate estimate of the extent and 
character of the lesion and our experience indicates that the stereogram 
is necessary for such an estimate in 20 to 30 per cent of the cases. 

The tables show, further, that most of the discrepancies occurred in 
that group of cases which on admission were classified in the moderately 
advanced and Turban II groups. Sixteen of 47 patients admitted as 
moderately advanced were shifted to the far advanced class and 22 of 
40 cases assigned to the Turban II group were transferred to Group III 
after a review of the Roentgen findings. These figures indicate the 
value of the stereogram in determining especially the proper classification 
of cases considered moderately advanced on physical examination. 

It is obvious that roentgen findings necessitate very little change in 
the classification of those patients whose lesion is unquestionably so 
extensive as to determine their assignment to the far advanced or Turban 
III group. Here the precise diagnosis usually is not difficult and the 
technical definitions of the group are so wide as to allow for a liberal 
margin of error. 


TURBAN TOTAL 

26 
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TABLE 3 


National Association classification 


ON ADMISSION 


CLASSIFICATION 
MODIFIED 


CLASSIFICATION 
UNMODIFIED 


Of 9 incipient 
Of 47 moderately advanced 
Of 44 far advanced 


per cent 
3 
16 
2 


per cent 
6 
31 
42 


21 


79 


TABLE 4 


Details of National Association classification modification 


NO. OF CASES 


Incipient changed to moderately advanced 
Moderately advanced changed to far advanced 
Far advanced changed to moderately advanced 


Total number of cases 


TABLE 5 


Turban classification 


ON ADMISSION 


CLASSIFICATION 
MODIFIED 


CLASSIFICATION 
UNMODIFIED 


Of 13 stage I cases 
Of 40 stage II cases 
Of 47 stage III cases 


per cent 
6 
22 
0 


ber cent 
7 
18 
47 


Total percentage 


28 


72 


TABLE 6 
Details of Turban modification 


NO. OF CASES 


Stage I changed to stage ITI 
Stage I changed to stage III 
Stage II changed to stage I 
Stage II changed to stage III 
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An amended classification has already been proposed. While our 
study was in progress we learned with gratification that a similar investi- 
gation was being conducted by our colleagues at Trudeau. The first 
fruits of their work were presented at the midwinter meeting of the 
American Sanatorium Association in December, 1919. Their immediate 
conclusion was that roentgen examination is indispensable in diagnosis 
and they then suggested a tentative classification which incorporated 
its findings and which is based on the National Association schema. 
The proposition is a forward step and the Trudeau investigators are to 
be congratulated for its creation. Our experience, however, prompts us 
to suggest several alterations that might be advantageous in such a 
classification and, in connection with this paper, we present criticisms 
of it which we hope are constructive. 

Our studies indicate: 

1. That in 33 per cent of the cases the precise character and extent 
of the pulmonary lesion were not determined by physical examination 
alone. 

2. That in 21 per cent the roentgen findings necessitated modifications 
of the National Association classification, and in 28 per cent that of 
Turban. 

3. That modifications were required chiefly in the moderately ad- 
vanced and Turban II groups, but that: the influence of the stereoscopic 
examination was evident in all groups. 

4, That the roentgen findings should share in the determination of 
the classification of pulmonary tuberculosis. 

In conclusion the following alterations of this proposed classification 
on admission embody our ideas with regard exclusively to the roentgen 
findings. They are submitted with comment not as a classification, 
but to present our suggestions in a formal way: 

Minimal. Roentgen findings to show a total volume of involvement 
interpreted as parenchymatous infiltration not greater than the volume 
of lung included above the level of the second chondrosternal junction 
of one side (both sides may be involved) or an intense shadow interpreted 
as pleuritic. 

Moderately advanced. Roentgen findings to show an intense shadow 
interpreted as patches of consolidation, or dense infiltration or massive 
fibrosis not greater in extent than one-third the volume of one lung; 
or areas of rarefaction interpreted as cavities the extent of which shall 
not exceed the width of the first rib at the level of the clavicle; or moderate 
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parenchymatous infiltration greater than under minimal (moderately 
heavy mottling) or fibrotic deposits disseminated through not more than 
the volume of one lung; or light parenchymatous infiltration which may 
be disseminated throughout both lungs. There is usually a combination 
of these, but their estimated totality is not to exceed the volume of one 
lung, unless the lesion be of the light and disseminated type. 

Far advanced. Roentgen findings to show more involvement than 
under Moderately Advanced. All patients with pneumothorax, unless 
it is slight and localized, to be classed as far advanced. 

An effort has been made, wherever possible, to specify terms positively, 
believing their meaning to the roentgenologist will be accordingly more 
definite. ‘‘An intense shadow, not interpreted as pleuritic” defines the 
meaning negatively and it seems better to say “an intense shadow, 
interpreted as dense infiltration, consolidation or fibrosis.” 

We have substituted the term “volume” for “area.” It is well to 
consider that the purpose of the stereogram is to enable us to visualize 
the lung in its three dimensions and that lesions also must be so conceived. 

Under “‘moderately advanced,” our colleagues have considered par- 
ticularly the character of the lesion and the extent of the infiltration 
allowable and have designated certain limits. But the intensity of the 
infiltration is also of great importance. We hold that the factors, in- 
tensity and extent, stand roughly in an inversely proportional relation 
and that both factors are essential in formulating the final estimate of 
the severity of the lesion. We have attempted, therefore, to give each 
factor due weight, allowing wide distribution where the intensity is 
slight. 

In stating the extent of lesion allowable, we have used the volume of 
one lung as a unit and have defined all volumes in terms of this unit. 
Obviously, such a scheme omits the factor of location, and includes all 
lesions, whether of the apical, hilum or basal type. 

It seems preferable to specify the diameter of cavity, allowable in 
the moderately advanced class, according to some convenient anatomical 
constant. The intercostal spaces are notoriously variable in width and 
we have, therefore, suggested as a constant the width of the first rib 
at the level of the clavicle. This, we believe, will answer the relative 
requirements of all cases and is little subject to pathological variations. 

The most difficult problem is to determine the amount of infiltration, 
consolidation, cavitation and fibrosis which may exist in combination 
in cases classed as moderately advanced. The limit we have set is of 
necessity arbitrary but, according to our experience, reasonable. 
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It is also desirable to provide a place for the patient with spontaneous 
or induced pneumothorax. Because of the special treatment demanded 
and risks entailed, pneumothorax should probably be regarded as a 
serious complication, automatically placing it in the far advanced class. 

It is obvious, that some of our definitions of the roengten findings 
necessitate alterations in the definitions of some physical signs. 
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INTESTINAL TUBERCULOSIS! 


ROBERT C. PATERSON 
Saranac Lake, New York 


Until recently, when mention was made of tuberculosis of the intes- 
tines, we all thought of a terminal complication of pulmonary tubercu- 
losis, for which little was to be done and to which a fatal termination 
could almost invariably be expected. The reason for this widespread 
belief is found in the fact that the diagnosis of this complication was 
made only when the condition was far advanced and the symptoms well 
established, and also because we looked for this complication only in 
cases of far advanced pulmonary tuberculosis. 

More recently our ideas of tuberculosis of the intestines have under- 
gone a change and it has now taken an important place among the com- 
plications of pulmonary tuberculosis, which may arise at any stage of 
the lung disease. We are also learning to recognize it in its early stages 
before it becomes generalized through the intestines, and at a time when 
there is something to be hoped for and expected from treatment. In 
many cases of pulmonary tuberculosis with slight digestive disturbances we 
now know that ulceration of the intestinal tract is at the bottom of these 
symptoms, and that if it is possible to relieve the abdominal condition 
the pulmonary trouble will heal much more rapidly and surely. Any 
disturbances of the gastrointestinal tract which interfere with the proper 
assimilation of nourishment are of the very greatest importance in the 
treatment and prognosis of pulmonary tuberculosis, as recovery is largely 
dependent on a proper and adequate supply of food, which is fully di- 
gested and utilized to counteract the drain on the system caused by 
the disease. 

It is difficult as yet to tell with any degree of accuracy in what pro- 
portion of cases these intestinal complications occur. Autopsies show 
that in about 75 per cent of cases dying with pulmonary tuberculosis 
ulcers of the intestines, of greater or less extent, arefound. Some pathol- 
ogists would put this figure even higher. It is certain, however, that 
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clinically we do not find symptoms of intestinal involvement in anything 
like such a large percentage of our pulmonary cases. Even in the ad- 
vanced stages, granting these figures to be correct, we must assume that 
a great deal of this intestinal ulceration is latent from a clinical stand- 
point and produces no recognizable symptoms. This bears out what is 
now being found by the routine X-ray examination of the intestinal 
tract of persons suffering from pulmonary tuberculosis. In a good 
many cases it is found that X-rays of a barium meal give what we now 
consider to be a typical picture of intestinal tuberculosis, while the 
patient is not suffering from clinical intestinal tuberculosis, and has not 
the symptoms usually associated with this complication. The study 
of intestinal tuberculosis is thus not so simple as we have been taught 
to think, and further investigation is necessary to recognize the border- 
line cases in which the classical symptoms are not present. 

The lesions which are found in intestinal tuberculosis are chiefly 
ulceration and a certain amount of fibrosis or inflammatory thickening 
around the ulcers. The ulcers arise from a breaking down of the lym- 
phoid follicles, and in the small intestine are apt to be larger in size than 
in the large intestine. In the large intestine, especially in the recent 
conditions, the ulcers are usually small, about 1 cm. or less in diameter, 
and are scattered fairly thickly throughout the mucosa. The edges 
are raised or heaped up giving the ulcers a crater-like appearance. There 
is frequently a certain amount of plastic exudate on the peritoneal 
surfaces overlying the base of the ulcer, and frequently subperitoneal 
tubercles are seen. The glands in the mesentery are usually somewhat 
enlarged. The favorite site of ulceration is the lower end of the ileum 
and the caecum. Next in frequency are the flexures of the large intes- 
tine, hepatic, splenic or sigmoid. In many cases, unfortunately, the 
ulcers are widespread, extending from the lower end of the duodenum 
right through to the rectum. 

There are many points in connection with the etiology of intestinal 
tuberculosis which are not yet solved. It has been the custom to ascribe 
the origin of these ulcers to bacillus-laden sputum which is swallowed 
voluntarily of involuntarily, as must occur in every case of open pul- 
monary tuberculosis. The finding of tubercle bacilli in 90 per cent of 
the stools of patients with open tuberculosis of the lungs gives some sup- 
port to the theory that the infection takes place directly from the pas- 
sage of the bacilli in the sputum through the intestinal mucosa. This 
theory does not explain many of the phenomena which we find and there 
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is a certain amount of evidence that the infection arises in many cases 
by the blood stream, the bacilli gaining entrance to the circulation from 
the lungs and being carried to the intestines by the mesenteric arteries. 
This must certainly be so in the cases with widespread ulceration where 
the ulcers are all apparently of about the same «ge, but it is difficult to 
understand why a localized caecal tuberculosis should arise in this way. 
We are also ignorant of the factors which would tend to cause the bacilli 
to enter the mesenteric arteries and not other arteries of the systemic 
circulation. This same question arises in cases of renal, joint or menin- 
geal tuberculosis, although it is generally accepted that these compli- 
cations are haematogenous in origin. 

In many cases, suspicions of intestinal complications may be aroused 
by the observation that a patient is not as well in a general way as he 
was previously, although the signs and symptoms referable to the lungs 
are stationary or improving. This apparent improvement of the lungs 
associated with the development of the disease in the intestines has 
been frequently noted, as it has been during the development of compli- 
cations elsewhere in the body, there being an apparent compensatory 
reaction. In some cases a decrease in the amount of expectoration and 
diminution in the extent and coarseness of the rales may be accounted 
for by a draining of the system by the diarrhoea, but in others this is 
not sufficient to explain the fact. 

At the onset there is usually an increase in the general symptoms, 
fever, general malaise, loss of weight, and so forth; but it is always difficult 
to determine whether these symptoms are caused by the pulmonary 
trouble or by a beginning intestinal infection. Increased activity in 
the lungs would cause fever and this in turn lead to gastric and intestinal 
disturbances, or these latter may themselves account for the fever. In 
some cases starvation of the patient for forty-eight hours will cause a 
disappearance of the symptoms, particularly the fever. The writer 
sometimes uses this test to determine whether the symptoms have their 
origin in the lungs or in the gastrointestinal tract. 

Of the purely digestive symptoms anorexia is usually one of the first 
to be noted, although in rare instances the patients have enormous 
appetites and seem unable to satisfy their craving for food. The loss 
of appetite may be simply a lessened desire for food or may be caused by 
nausea which the presence of food produces. In other cases eating causes 
pain or the ingestion of food may stimulate the bowels so that a move- 
ment is imperative before the meal is finished or shortly after, and for 
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these reasons the patients are afraid to eat. Almost all patients have 
considerable flatulence and complain in greater or less degree of this. 
This varies from a full feeling in the abdomen to active rumbling in the 
intestines which may or may not be accompanied by pain, “‘gas pains,” 
as they are termed. Sometimes the gas is expelled from the stomach as 
eructations, at others it is passed by the rectum or in other cases in both 
directions. 

Pain varies greatly in intensity. Some patients never have any sub- 
jective pain, although tenderness can usually be found by careful palpa- 
tion, while others have sharp colicky attacks which closely simulate 
acute appendicitis. All grades of intensity may be found between 
these two extremes. The pain is usually localized in the lower part of 
the abdomen, but is sometimes referred to the epigastrium. It usually 
occurs from one to three hours after eating, about the time that food 
reaches the ileocaecal valve. When this occurs it gives a good idea of 
the site of the trouble. Nausea and vomiting are of less frequent occur- 
rence, accompanying the pain, than we find in ordinary appendicitis, 
but one or the other of these occurs in the majority of the patients. In 
a few cases vomiting is the chief symptom, and in one case an absolute 
inability to keep even liquids in the stomach was the only symptom 
found and was only explained by autopsy, which revealed extensive 
ulceration throughout practically the whole length of the small and latge 
intestine, accompanied by enlargement of the mesenteric glands. 

We have been accustomed to associate diarrhoea with intestinal 
tuberculosis and this has been considered to be the one constant symp- 
tom of this trouble, without which a diagnosis could not be made. This 
view is fallacious and if we wait for diarrhoea to develop we are in the 
position of the physician who will not make a diagnosis of pulmonary 
tuberculosis until he can find a cavity in the lungs. Diarrhoea is a 
frequent symptom but is often found only in the advanced stages and 
it is not infrequent to find constipation of an obstinate variety as a 
troublesome symptom. The looseness of the bowels is probably caused 
by the contents of the intestines setting up an irritation of the ulcerated 
areas which in turn causes increased peristalsis. The constipation, on 
the other hand, is probably the result of spasm of the intestines caused 
by this same irritation or in some cases there may be a partial obstruc- 
tion from hypertrophic tissue or adhesions. All degrees of looseness of 
the bowels may occur from one soft nonformed stool a day to many 
watery movements which drain the patient’s system and speedily wear 
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him out. As mentioned above, ingestion of food in some cases excites 
peristalsis so that a movement is imperative before a meal is finished. 
Sometimes diarrhoea is only relative and, on being questioned, a patient 
will admit that while he was previously constipated, only obtaining 
movements with the aid of laxatives, he now has a daily stool without 
artificial assistance. A curious fact has been brought out by the X-ray 
examination of the intestines and this is that some patients, who have 
complained of constipation, may completely empty the intestines of 
the barium in twenty-four hours, showing an actual hypermotility 
instead of delayed activity. Ina few cases the beginning of the diarrhoea 
may be definitely dated from an acute intestinal disorder, as in the case 
of a returned soldier whose trouble began after eating some tinned food 
in France, after which there was an epidemic of diarrhoea in the battery 
to which he was attached. 

It must be recognized that all these symptoms may come in waves 
for a time, periods of quiescence and periods of activity alternating, 
although when the disease is once well established the symptoms usually 
become progressively worse. Examination of the abdomen usually 
reveals some tenderness on palpation. This is frequently localized and 
is constantly present for a long period of time so that it may be found 
on repeated examinations. The right lower quadrant, corresponding to 
the most frequent pathological location of the ulcers in the lower ileum 
and caecum, will usually be found to be the site of tenderness. Often 
pressure will cause the pain to radiate across to the opposite side of the 
abdomen or to the epigastrium, and at times pressure over the tender 
area will produce a feeling of nausea. In some cases it is possible to 
palpate a mass in the diseased area which represents either thickening 
of the bowel wall, usually the caecum or ascending colon, or else a mass- 
ing together of coils of intestine by adhesions. Those cases which tend 
to assume a more chronic course will show the greatest evidence of 
thickening, as hyperplasia must be looked on as a reaction on the part 
of the intestine against the infection, and these cases are the most favor- 
able for operation, The more acute cases, in which the ulceration is 
widespread, rarely give any palpable evidences of thickening. When 
pain is a prominent symptom there will be a sensation of resistance over 
the diseased bowel, which at times amounts to an actual rigidity of © 
the abdominal muscles. 

Formerly much importance was placed on an examination of the stools 
in the diagnosis of intestinal tuberculosis but we now recognize that this 
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is of little importance. Mucus, pus, and blood cells, and tubercle bacilli 
may all be found but are not diagnostic as it is the rule for patients with 
pulmonary tuberculosis to swallow some of their sputum involuntarily, 
as during sleep, and this swallowed sputum will cause the appearance of 
mucus, pus and bacilli in the faeces, while the ingestion of meats will 
make the faeces give the chemical reactions for blood. The recognition 
of this will make it clear why we cannot place much reliance on the exam- 
ination of the stools in diagnosis. The gross appearance of the stools 
varies greatly from a hard, constipated, formed mass to a thin watery 
evacuation. The latter type of stool is usually found only in the ad- 
vanced cases, although occasionally it occurs in the cases with more 
localized disease. Frequently the defecation is more properly termed 
soft or mushy and this may be looked on as the most typical form in 
the earlier cases. Blood is not often seen in macroscopic quantities, 
although haemorrhage from the intestines occasionally occurs. Mucus 
may be seen in quite large masses. The odor is usually foul and when 
once notieed is quite characteristic, so much so that the patients them- 
selves often speak of it. An examination of the blood often shows some 
degree of anaemia and there is frequently a noticeable leucocytosis, 
the increase affecting all forms of cells. This may be caused by a diminu- 
tion in the fluid content of the blood from the diarrhoea or may be due 
to absorption through the ulcerated areas of septic or putrefactive 
materials. 

Probably the greatest help in the diagnosis of early intestinal tubercu- 
losis is an X-ray examination of a barium meal, the details of which are 
exhaustively given in a recently published paper by Brown and Samp- 
son (1). The examination must always be controlled by a knowledge 
of the findings in the normal case. In these the barium will reach the 
ileocaecal valve in from one to three hours after ingestion. The caecum 
should be seen in from two to five hours, and in from six to eight hours 
the head of the column should have reached the hepatic or splenic 
flexure. The caecum should remain filled, partially at least, for twenty- 
four to thirty-six hours. Complete evacuation of the barium from the 
bowel takes from thirty-six to forty-eight hours. When the caecum 
and large bowel, at least the first half, are filled with barium, the outline 
of the shadow is even and regular except at the indentations of the 
haustral sacculations. Where ulceration is present one of the most 
striking facts noted is a hypermotility of the intestines, or increased 
rapidity of the progress of the barium. Apparently when this reaches 
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the ulcerated surfaces, peristalsis is set up by the irritation and the con- 
tents rushed along more rapidly than normally, so that in six to eight 
hours the head of the column is much lower down than in the normal 
case. Frequently the rectum is found filled with barium in six hours, 
and in twenty-four hours the barium has been completely expelled from 
the intestines or at most a small residue remains in the rectum. In 
other cases a different picture is seen and instead of the head of the column 
being too far advanced, in six to eight hours the barium is held up at 
the ileocaecal valve so that none has entered the caecum at this time. 
The explanation of this is probably a spastic closure of the valve caused 
by the irritation of the mass on the ulcers, or partial obstruction from 
thickening of the intestinal walls, or, from adhesions. Following up 
these cases, however, reveals the fact that once this spasm is overcome 
and the barium enters the caecum, it is then hurried on; and in twenty- 
four hours we have the picture described above, namely, an empty 
intestine. This picture is known as “ileal stasis.” 

The other divergence from the normal is that of defective filling of 
the diseased part. Instead of the evenly filled caecum and colon with 
sharp, clear-cut outline and normal haustral markings, the ulcerated 
area presents an irregular outline with somewhat fuzzy edges and narrow- 
ing of the diameter of the shadow. 

These three pictures, hypermotility, ileal stasis, and filling defects, 
make up what we consider a triad of appearances which are indicative 
of ulceration of the caecum and ascending colon. There is usually a 
combination of these but anyone alone is suggestive. Up to the present 
it has been impossible to find any picture diagnostic of disease in the 
small intestine. In some cases barium enemata have been given and 
the progress watched under the fluoroscope and then plated. These 
have seemed to be less satisfactory than the ingested meal, but in some 
cases have given valuable information, particularly as to the location 
and extent of the lesion. Normally the enema passes backward through 
the sigmoid, descending, transverse, and ascending colon, filling these 
and the caecum evenly and being arrested at the ileocaecal valve. When 
diseased, the colon does not fill so evenly, sometimes pain ismarked when 
endeavoring to fill the caecum, and frequently the ileocaecal valve 
permits the barium to enter the small intestine. 

As to the value of the X-ray examination in the diagnosis of these 
conditions, no one who has had experience with it can doubt; and it is 
at least of as much help as is the X-ray examination of pulmonary cases. 
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It is necessary, however, that the plates be interpreted by a person who 
has had experience if information of value is to be obtained; and the 
necessity of correct interpretation cannot be too strongly insisted on. In 
those cases of my own which have been X-rayed and later operated on, 
only once has the X-ray failed to distinguish between tuberculous ulcera- 
tion and other conditions and in that case the condition was one of 
localized ulceration around the orifice of the appendix in which three 
different tests failed to show what - we consider a typical picture of 
tuberculosis. 

The course of this disease is usually progressive unless something is 
done to arrest its development. This makes the prognosis distinctly 
serious, but even here we are learning that there are grounds for hope 
in some few cases. A few years ago, and even now, the statement that 
some of these cases become arrested or heal spontaneously would have 
been hotly denied by many physicians, but I have no hesitation from 
my own experience in saying that this is not only possible but does occur 
in a limited number of patients. If the X-rays give a correct interpre- 
tation of this condition, and as far as we have gone this is a justifiable 
conclusion, then. we must admit that some patients who have had in- 
testinal symptoms and who have given positive X-ray pictures, have 
lost the symptoms temporarily at least, and later X-rays have failed to 
show evidences of any disease. Even stronger evidence than this is 
the fact that in five patients in whom operation revealed tuberculosis 
which for one reason or another could not be removed, the disease is 
now apparently arrested. The length of time since operation in these 
cases is from five and one-half years to one year. Three of them, oper- 
ated on respectively five and one-half years, two years, and one year 
and nine months ago, are back at work, while the other two are still 
undergoing treatment but improving, two years and four months and 
one year after operation. ' 

Having made the diagnosis of tuberculosis of the intestines can any- 
thing be done to help nature to arrest the condition? One difficulty 
in the way of healing of these intestinal ulcers has been the nearly con- 
stant movement of the intestines, and our inability to give them physio- 
logical and mechanical rest such as is essential for healing. The benefit 
of the rest treatment during active disease is well known in pulmonary, 
laryngeal and joint cases, and if we could get a similar rest for the in- 
testines, we could expect more frequent healing. Medical treatment 
can do much to give relief of symptoms and by giving relief put the 
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bowels in the best possible condition for healing. Theoretically it would 
be expected that regulation of the diet should have a beneficial effect 
and a nonirritating diet without much indigestible residue, which is not 
liable to fermentation and which is constipating rather than laxative, 
would be indicated. Unfortunately in practice it is not found that diet 
has much effect on the symptoms; and we are confronted by the problem 
whether to cut down the diet in the hope of giving relief to symptoms 
and thus running the risk of weakening the patient or allowing a fuller 
diet to keep up strength and disregard its effect on symptoms. Each 
case must be considered by itself and various diets tried out, eliminat- 
ing the ingestion of such substances as are found to aggravate the symp- 
toms for that particular patient. It must be remembered that it is 
better to have a small quantity of food digested and assimilated than: to 
force the patient to eat and have much of the food passed in an undigested 
state. In other words, it is the amount of food assimilated that counts, 
and not the amount ingested. 
Medicinal treatment has been tried faithfully and while the symptom 

may be relieved there is no drug which we know that has a curative 
effect. Relief of symptoms, however, not only makes the patient more 
comfortable but does eliminate irritation to a certain extent and thus: 
favors healing. Intestinal antiseptics have never given much benefit. 
Salol, creosote, iodoform, beta-naphthol and others have been tried. 
Iodine has apparently given relief in some cases. This lessens the 
flatulence and consequent gas pains, and in this way seems to quiet 
peristalsis. While I do not think that the iodine directly aids in healing, 
I have had noticeably good results symptomatically. Of the drugs 
which are given to check the diarrhoea, bismuth and its salts, iron, lead, 
tannic acid and its organic derivatives, gallic acid, aromatic sulphuric 
acid and others have all been tried. Usually opium has to be resorted 
to, both for the pain and for the diarrhoea. For this, opium itself as 
the powder, tincture or as paregoric has a better effect than the alka- 
loids, morphine, codeine and so forth. Calcium salts, particularly the 
chloride, were formerly much used to check diarrhoea, but owing to 
their nauseating properties fell into disuse. Recently calcium chloride 
used intravenously has been advocated, 2 to 5 cc. of a 10 per cent steri- 
lized solution being injected into one of the arm veins every few days. 
Personally I have not been able to obtain more than very transient 
results from this. Calcium carbonate in large doses has in a few cases 
given better results and is much less irritating. Recently I have been 
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using mineral oil in these cases in the hope that the food would be passed 
along with less irritation to the ulcerated surfaces and at times, while 
the movements have at first increased in frequency, their number has 
later diminished and there has been less flatulence and pain. Lavage 
of the colon has been advocated; but its results are disappointing and 
the lavage is frequently accompanied by considerable pain and faintness. 
Heliotherapy has been recommended, either by exposure to the direct 
rays of the sun or to the artificial light of the quartz lamp. My expe- 
rience with this has been limited and the results not encouraging, but the 
method is worthy of trial if it can be thoroughly carried out, which is 
difficult without special arrangements. 

Within the last few years our thoughts have turned to the possibility 
of treatment of some of these cases by surgery. Archibald (2), in 1917, 
reported 27 cases which came to operation and his numbers have since 
been greatly augmented. I have given a brief résumé at the end of 
this paper of those of my own patients who have been operated on for 
tuberculosis of the intestines. The surgical procedures which are possible 
are several. Excision of all the diseased portion is the ideal and has 
been possible in some instances. If the disease is well localized and 
limited in extent and the patient is sufficiently strong to stand this pro- 
cedure, much may be expected from this. If the disease is too extensive 
to justify such an excision or if adhesions make this impracticable, an 
anastomosis of healthy bowel above the site of disease into healthy 
bowel below, with exclusion of the diseased area and the establishment 
of a fistula to permit of drainage from the ulcerated bowel, will some- 
times give such a degree of rest to the diseased portion that arrest of 
the process takes place. In other cases operation shows such a condition 
that the disease cannot be dealt with and nothing can be done. In some 
of those cases, in which pain has been a prominent symptom, removal 
of the appendix without further surgical intervention has given marked 
relief. In a few cases an ileostomy, above the disease, with the estab- 
lishment of an artificial anus, has been done, but this is an extreme 
measure and the future life of the patient must be fully considered be- 
fore such a procedure is justified. Ideally this might be looked on as 
a temporary measure with the hope that later on an anastomosis might 
be done, but up to the present I know of no case in which this secondary 
operation has been attempted. I am not competent to discuss the 
surgical technique of these various operations and it is my aim merely 
to outline the possibilities of surgery in this disease, giving the results of 
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operations in cases in which some attempt has been made by others to 
benefit my patients. While surgery offers hopes, probably greater 
than any other yet tried mode of treatment, and it is attractive to medical 
men and to the patients themselves when once explained and suggested 
to them, it is necessary to curb our enthusiasm and to consider the 
possibilities from all sides, medical and surgical. 

First, we must be convinced that the operation offers hopes of relief 
of symptoms or of arrest or removal of the disease, and that the dangers 
of the operation are less than the danger of the disease for which it is 
recommended. In patients with pulmonary tuberculosis operative 
procedures are more dangerous than in others who have healthy lungs. 
It is true that many, in fact most of these patients, stand the operation 
and the anaesthetic well; but in some cases, no matter how carefully and 
skilfully surgeon and anaesthetist do their parts, the lung trouble is 
made distinctly worse, sometimes acutely so, and this activation of the 
lungs initiates a progressively downward course. The condition of the 
lungs is all important in the decision for or against operation and no 
matter how localized the intestinal disease, if the lungs show evidences 
of progressive trouble, the operation will be a danger or at least will 
have no effect in the ultimate results. The prognosis may be said to 
depend more on the lungs than on the intestines. If the lungs seem to 
be stationary or inactive and the patient’s symptoms to be chiefly caused 
by the intestinal disease, then operation is justifiable as a continued 
derangement of the digestion and consequent impossibility of obtaining 
proper nutrition will, in all likelihood, later on favor a spread of the 
trouble in the lungs. Another point to be recognized is that no matter 
how recent the intestinal symptoms, and how localized the intestinal 
disease seems to be, by our present methods of examination it is impossible 
to definitely predict the extent of the intestinal ulceration. This has 
been demonstrated time and again at operation and many disappoint- 
ments have been met with when the extent of ulceration is seen in sup- 
posedly localized cases. These operations must for this reason be con- 
sidered as more or less exploratory and this should always be explained 
beforehand to patient or friends. Until our knowledge is more com- 
plete and our experience, particularly in the selection of suitable cases, 
is longer and greater we must look on operation as a two-edged sword, 
capable of great benefits on the one hand, but on the other of doing 
harm. Whether the sword cuts in one way or in the other depends 
largely on the physician who recommends its use and on the surgeon 
who wields it. 
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SUMMARY 


1. Intestinal tuberculosis may and does occur as a complication in 
all stages of pulmonary tuberculosis, incipient as well as advanced. 

2. The commonly described symptoms are those of advanced disease 
and the symptoms of early intestinal ulceration are usually slight and 
indefinite. 

3. Early diagnosis is possible in many cases and has been particularly 
aided by the use of X-ray examinations. 

4, Spontaneous recovery has been known to occur in a few cases. 

5. Surgery offers the greatest hope in treatment but the cases for 
operation must be carefully selected. 

6. The condition of the lungs is as important as the condition of the 
intestines in deciding for or against operation and in prognosis. 

7. We have as yet no means of accurately estimating the extent of 
intestinal disease, and for this reason operation must always be more 
or less exploratory. 
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CASE REPORTS 


No. 349. Miss S. S., twenty-seven years. Operated on in 1911, for tuberculosis of 
caecum and lower ileum. Resection of diseased bowel. In 1916 symptoms of pulmonary 
tuberculosis and lesion found at right apex. This became arrested after a few months’ 
treatment. In 1917 some abdominal symptoms suggestive of recurrence of the former 
trouble. There have been several attacks of pain which were apparently due to a partial 
obstruction. In January, 1918, the abdomen was again opened. No signs of recent tuber- 
culosis found but many dense adhesions around the site of the former operation. After 
thorough examination the abdomen was closed. Patient had been in good health since. 


No. 129. J. A. M., male, twenty-five years. In 1910, pleurisy with effusion and pul- 
monary tuberculosis at both apices. Treated for this for eighteen months when he went to 
Western Canada for a little more than a year, returning East in July, 1913, with all symp- 
toms and signs increased. In June, 1912, digestive symptoms were noticed, distress after 
eating, flatulence, no nausea or vomiting, rise in temperature to 103° associated with abdom- 
inal attacks. Bowels have been loose, movements being soft, but not watery, and odor 
very foul. Examination in July, 1913, revealed tenderness in right lower quadrant and thick- 
ening around the caecum. Operation, August 15, 1913, revealed tuberculosis of caecum 
and ascending colon, which were excised and an anastomosis made between ileum and trans- 
verse colon. The abdominal symptoms were improved temporarily but later returned. 
Death occurred May 22, 1914. A few days before death a fecal fistula developed in the 
right lumbar region. 
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No. 316. A.P., male, thirty years. In spring of 1914 developed symptoms of pulmonary 
tuberculosis with signs at the right apex from which a good recovery was made. In Decem- 
ber, 1914, had some fever and symptoms of indefinite character, referable to the digestive 
tract, with some tenderness in lower abdomen and a palpable mass in ileocaecal region. Con- 
stipation was an obstinate symptom. Operation, February 10, 1915, revealed free fluid in 
the peritoneum. Tleocaecal and mesenteric glands enlarged. Peyer’s patches enlarged, 
with subperitoneal tubercles and plastic lymph on peritoneum underlying, thickening of 
whole of large intestine down to sigmoid. Appendix thickened with a constriction near the 
base. The appendix was removed and an anastomosis made between the ileum about $ 
inches above the ileocaecal valve and the sigmoid. Convalescence was stormy, the abdom- 
inal wound broke down and healed slowly by granulation, the lung disease became active 
and spread, an ischiorectal abscess developed, and there was severe diarrhoea. In August, 
1915, an acute intestinal obstruction developed, due probably to regurgitation of feces into 
descending colon where inspissation took place. This was eventually relieved by an enema 
of milk and molasses. After this recovery was steady but slow. Patient resumed his 
work in autumn of 1917, since which time he has had no symptoms, either pulmonary or 
intestinal, 


No. 471. Miss S. N., forty-one years. Pulmonary tuberculosis diagnosed in spring of 
1916. Moderately advanced. During summer of 1917 digestive symptoms, chiefly pain 
and diarrhoea, developed. Operation was advised and performed in December, 1917. Ex- 
tensive tuberculosis of the ileum and large bowel and appendix was found so that nothing 
more than an appendicectomy was done. This resulted in relief from pain, the other symp- 
toms remaining as before operation. In March, 1919, there was a small haemorrhage from 
the bowels. Since the autumn of 1919 there has been a marked improvement in all symp- 
toms. The diarrhoea has stopped, appetite improved, flatulence lessened, weight increased 
fifteen pounds, and the temperature rarely rises above 99°, whereas previously it was from 
100° to 102° daily. 


No. 516. G. F. C., male, thirty-three years. Pulmonary tuberculosis discovered in 
July, 1917, confined to the right upper lobe. Patient did not seem to improve and in the 
autumn digestive disturbances were noted. These consisted of pain, dull in character, 
about one and a half hours after eating, anorexia, flatulence, marked constipation, no nausea 
or vomiting. There was tenderness in the caecal region and a movable mass was felt. 
Roentgenograms of a barium meal gave positive evidences of caecal tuberculosis and opera- 
tion was advised, as it was felt that the evidences pointed to localized trouble. Operation, 
January 3, 1918, revealed extensive ulceration in small and large bowel and appendix. The 
appendix was removed. The course of the disease was steadily progressive after the opera- 
tion, both in the lungs and intestines. In March, 1918, a right sided pleurisy with effusion 
developed, and in May the patient returned to his home and no further information has 
been obtained. 


No. 657. E. S., male, thirty-six years. In July, 1917, symptoms of pulmonary tuber- 
culosis developed but increased and were accompanied by looseness of the bowels early in 
1918. At this time there was far advanced disease in the left lung and some signs at the 
right apex. Anorexia, flatulence and diarrhoea were present. There was marked localized 
tenderness over the caecum and ascending colon. X-ray examination of the intestinal 
tract showed tuberculosis of the large bowel and’ operation was decided on owing to the 
miserable condition of the patient. This was performed in May, 1918, and revealed extensive 
tuberculosis of the large intestine and to a less extent of the small intestine. Nothing was. 
attempted. The patient rallied from the operation but a few days later sank rapidly and 
died. 
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No. 679. W.A.S., male, twenty-six years, 1918. Disease in the chest was suspected 
three years previously, but not until examined for the draft was a definite diagnosis made. 
In April, 1918, after being under observation for a month, it was found that the general 
condition was not improved, temperature between 99° and 100° was constant, digestive 
symptoms were marked but the signs and symptoms referable to the lungs were lessening. 
Examination of the abdomen showed definite movable thickening of the caecum, and X-ray 
examination was positive for tuberculosis of the caecum and ascending colon. Operation 
showed a tuberculous condition of the ascending colon; and this was removed together with 
three or four inches of the ileum and the small piece of the transverse colon. The after 
course of this case has been interesting. The patient had several pulmonary haemorrhages 
in October and November, and in December artificial pneumothorax was induced on the 
right side. This has been carried out ever since and the subsequent course of the case has 
been satisfactory, and patient is now free from abdominal symptoms and doing light work 
in New Mexico. 


No. 681. W.S., male, forty-four years, 1918. Moderately advanced pulmonary tuber- 
culosis involving the upper part of both lungs. In the spring of 1918, had pain in the 
abdomen with rise in temperature, and symptoms of acute appendicitis. Diagnosis at this 
time was appendicitis or caecal tuberculosis. Patient went to his home for operation and 
the appendix was removed, but caecum was found badly inflamed and thickened, adherent 
to surrounding structures and abdominal wall, and covered with minute tubercles. This 
was not touched. The wound broke down and healed slowly by granulation, but the 
patient improved slowly. In May, 1919, X-ray examination showed changes in the region 
of the caecum and ascending colon. In spite of these positive findings there are no digestive 
symptoms and patient has returned to his work. 


No. 802. Miss M. N., twenty-four years, 1918. Pulmonary tuberculosis of both 
apices, history of looseness of the bowels, movements occurring immediately after eating, 
gas and crampy pains with occasional nausea lasting for several months. Abdominal exami- 
nation showed thickening in the region of the caecum and slight tenderness. X-rays were 
positive for caecal tuberculosis. Operation in September showed the appendix to be studded 
with tubercles, ulceration and thickening of the caecum and lower end of the ileum. The 
lower six inches of the ileum and half of the ascending colon were removed. Convalescence 
was uneventful and patient has been back at her work for the past year. 


No. 504. Miss G. M., thirty-five years, 1917. Had had symptoms and signs of early 
pulmonary tuberculosis for six months when coming under observation. Returned to her 
work in autumn of 1917, and was quite well with the exception of three attacks of so called 
appendicitis during the winter of 1918. In July, 1918, was operated on for appendicitis; 
but extensive tuberculosis of the lower eight feet of the ileum and matting together of the 
caecum and ileum, with involvement of the caecum, was found. Nothing could be done and 
the abdomen was closed. Patient was lost sight of for twelve months; then came back, 
reporting that she had been working steadily, feeling well with the exception of-four weeks 
in the autumn of 1918, when she had influenza and bronchopneumonia. She has had no 
abdominal symptoms whatever, signs in her lungs have increased slightly, but after a short 
rest she returned to her work where she is continuing in good health. 


No. 754. Miss F. C. R., twenty-eight years. Had pleurisy with effusion in spring of 
1918, but had been coughing before this. In summer of 1918 had moderately advanced 
pulmonary tuberculosis of the right upper lobe and left apex. In August had severe pain 
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in epigastrium accompanied by vomiting and fever to 102°. Examination at this time 
showed definite tenderness in the right lower quadrant with a mass in the region of the 
caecum. When the acute attack had subsided X-rays showed positive evidences of ulcera- 
tion of caecum and ascending colon. Operation the end of September showed thickening 
of the caecal wall and ulceration of caecum and ascending colon. The appendix and the 
diseased portion of the ascending colon were removed. For a time after the operation 
symptoms were relieved, but gradually returned, and death took place ten weeks later. 
Partial examination showed that there was a peritonitis with gas and feces in the peritoneum, 
the anastomosis between the ileum and colon having given away at the base of an ulcer 
found at this point. There was also further ulceration in the transverse colon. 


No. 783. J. B., twenty-two years. In July, 1918, came under observation for pul- 
monary tuberculosis, moderately advanced, upper three-quarters of left lung and apex of 
right. In May, while in France, had an attack of acute diarrhoea following eating of some 
tinned food which caused an epidemic of this trouble in the battery to which patient was 
attached. This looseness has continued with two or four stools a day, soft but not watery, 
considerable flatulence, occasional pain felt with gas rumbling. Examination showed ten- 
derness over the caecum and ascending colon. X-rays were positive but apparently showed 
a localized disease from the caecum to about half way across the transverse colon. Opera- 
tion in September showed appendix, caecum, ascending colon, and first half of transverse 
colon to be diseased and thickened. This part of the intestine was removed and a lateral 
anastomosis between the lower end of the ileum and transverse colon was made. All symp- 
toms improved for a couple of months, after which time there was a recurrence of looseness 
of the bowels and a certain amount of flatulence but no pain. Tenderness on the left side 
of the abdomen along the line of the descending colon. Diagnosis was made of ulceration 
of the transverse colon and splenic flexure, and operation was again decided upon, although 
the condition of the lungs was worse than previously. On April 4, 1919, operation re- 
vealed ulceration of transverse colon, descending colon, and sigmoid flexure. The lower 
end of the ileum was brought out of the abdominal wound and an ileostomy established. 
During the summer of 1919 there was improvement of symptoms; but in the autumn the 
temperature became higher, there was loss of weight, cough and expectoration greatly in- 
creased. The last examination made a few days ago shows the temperature to be lower, 
rarely above 99°, condition of the lungs improving, cough and expectoration less, digestion 
good, weight increasing, and examination of the discharge from the rectum failed to reveal 
any tubercle bacilli. 


No. 876. Miss H. J., twenty-four years, July, 1918. Had been ill for two years with 
pulmonary tuberculosis, in bed and with fever most of the time. When coming under obser- 
‘vation she was found to have extensive disease through the whole left lung with cavitation at 
the apex, and a few signs just below the clavicle on the right side. Artificial pneumothorax 
was induced and a partial collapse of the left lung obtained. This was followed with relief of 
pulmonary symptoms. At this time there was also some slight looseness of the bowels and 
‘pain and tenderness in the right lower quadrant. In October, 1918, had acute influenza, 
after which some rales appeared in the back of the left lung. The abdominal symptoms 
increased and some nausea developed, temperature began to rise and X-rays of intestinal 
tract showed positive evidences of caecal tuberculosis. Operation was performed on April 
29, 1919, and a limited tuberculosis of caecum and ascending colon was found. Three 
inches of the ileum and about eight inches of the big bowel being excised, and lateral anasto- 
mosis performed. Convalescence was uneventful, but in July, 1919, dysphagia and laryngeal 
symptoms developed with positive signs of tuberculosis of larynx on examination. The 
laryngeal condition and pulmonary condition were progressive. Death took place on 
January 29, 1920, evidently due to the pulmonary disease and not to the intestinal. 


448 ROBERT C. PATERSON 


No. 803. Miss M. A., twenty-six years, 1918. History of pulmonary symptoms for 
about a year, lungs showing extensive disease all through the left and at apex of the right 
side. No very definite improvement. In March, 1919, had an acute attack of abdominal 
pain which persisted in a lesser degree. Some fever accompanied this and examination 
showed very marked tenderness in the right lower quadrant, with some thickening probably 
of the caecum. As the symptoms continued, operation was decided on in spite of the ad- 
ivanced lung condition, and was carried out May 5, 1919. Tuberculosis of the caecum, and 
ascending colon, and lower end of the ileum were found. Six inches of the ileum and the 
ascending colon as far as the hepatic flexure were removed. There were never any evidences 
of improvement after this operation and the lung symptoms as well as the intestinal symp- 
toms have become progressively worse, accompanied by high fever, loss of weight, night: 
sweats and chills. Patient has been removed to her home, but is still living, now nearly a 
year after the operation. 


No. 971. Miss M. T., twenty-two years, 1919. Far advanced pulmonary tuberculosis 
on the left side with symptoms dating back about a year. A couple of months after coming 
under observation symptoms of gastrointestinal disturbances, especially persistent vomit- 
ing occurring about two hours after meals, with pain in the lower part of the abdomen and 
tenderness in the lower quadrant, and high temperature developed. These symptoms all 
increased so that the patient’s life was a burden and operation was requested. Extensive 
tuberculosis of the large intestine was found; appendix was removed and an ileostomy per- 
formed. The operation was followed by rapid breakdown of the lung and development of a 
large cavity below the left clavicle, accompanied by expectoration of large quantities of 
foul smelling purulent material. Death occurred about two weeks later. 


No. 945. Mrs. G. E. D., twenty-eight years, March 21, 1919. History of pulmonary 
symptoms with pleurisy off and on for four years. Examination shows moderately advanced 
disease of the left lung. Gastrointestinal symptoms, diarrhoea, pain, flatulence, tenderness 
in region of the caecum were present when first coming under observation, and became more 
marked, the pain being quite severe from time to time and accompanied by vomiting during 
the attacks. Barium meal was positive for tuberculosis of the large bowel, and operation 
was decided on and performed July, 1919. This revealed ulceration of the lower end of the 
ileum and one or two areas of thickening in the caecum, and also in the transverse colon. 
The ileum from above the ulcerated area was planted in the sigmoid and the appendix was 
removed. Recovery was uneventful and at last report patient was doing well in spite of a 
temporary setback caused by the death of her only child. Artificial pneumothorax was 
attempted but was unsuccessful. 


No. 784. Miss W. B., twenty years, July 31, 1918. History of short illness with loose- 
ness of the bowels from start. Examination showed moderately advanced disease through 
the upper three-quarters of the right lung, with left lung uninvolved. Artificial pneumo- 
thorax was performed in November with good collapse of the lung and lessening of symp- 
toms. Looseness of the bowels continued with anorexia and some flatulence and pain in 
lower abdomen. X-ray examination was quite negative. This examination was repeated 
four months later and was likewise negative. Patient went to her home in the summer of 
1919, returning in August, at which time the abdominal symptoms were decidedly increased 
and some fever was present, between 99° and 100° each day. Laryngeal tuberculosis had 
developed and artificial pneumothorax was not successfully continued while at home, so that 
now there is only a small cavity which was later gradually distended and a fair collapse 
again obtained. Intestinal symptoms are a watery movement in the morning and a soft 
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movement three or four times a day besides this. Foul odor to the stools, considerable 
flatulence, nausea most of the time. Operation was decided on and performed September 5, 
1919. Before this another X-ray was taken and this was also negative for tuberculosis. 
The operation revealed one definite ulcer high up in the jejunum and a ring of ulcers around 
the opening of the appendix into the caecum. The appendix was enlarged and thickened. 
Some glands in the mesoappendix were enlarged. The appendix and a circular piece of the 
caecum including the ulcerated area was removed. Abdominal symptoms have completely 
disappeared, but patient is still under treatment for the pulmonary and laryngeal condition. 


No. 338. Dr. H., forty years, October 30, 1915. Had been ill for about a year with 
pulmonary tuberculosis and some digestive symptoms. These consisted of looseness of the 
bowels with occasional attacks of pain and nausea, at which time temperature was elevated, 
considerable flatulence. Examination showed marked tenderness in right lower quadrant 
with distended movable mass. Per rectum this same mass may be felt on the right side. 
Although the patient’s condition was not favorable he requested operation, which revealed 
tuberculosis of the ascending and transverse colon. Appendicostomy was done but death 
occurred a few days later from suppression of urine. 


No. 1012. Miss G. K., twenty-three years, June 10, 1919. Influenza, October, 1918, 
symptoms of pulmonary tuberculosis dating from this time. Examination of abdomen 
shows pain in right lower quadrant, some distention, some resistance on the right side, pos- 
sibly a little thickening of the caecum; bowels are a little loose, especially immediately after 
eating, appetite poor, some flatulence. X-ray examination of barium meal showed positive 
evidences of tuberculous ulceration. As patient failed to improve under regular treatment 
operation was performed the first of October. Extensive tuberculosis all through the small 
and large bowel and appendix wasfound. The appendix was removed but patient declined 
steadily and rapidly, dying on the 30th of November, 1919. 


No. 1003. Miss K. S., thirty years, May 28, 1919. Indefinite history of pulmonary 
symptoms for a year. Moderately advanced pulmonary tuberculosis of right lung. Consid- 
erable abdominal pain coming on after meals, no nausea or vomiting, bowels rather consti- 
pated, flatulence. Later on bowels became loose and X-ray of a barium meal was positive 
for tuberculosis in the large intestine. As pains were becoming more severe and temperature 
gradually rising, everything pointing to the fact that symptoms were more due to the abdom- 
inal condition than to the lungs, operation was performed November 13, 1919. This 
revealed extensive tuberculosis of caecum, ascending and transverse colon, the small intes- 
tine being free. Anastomosis between ileum and sigmoid was performed and the appendix 
removed. There has not been any improvement following the operation and patient still 
has high fever, night sweats, and general symptoms of advanced tuberculosis. 


No. 1119. Mrs. E. W., twenty-nine years, October 16, 1919. Complains of stomach 
‘trouble for three years, cramps felt in epigastrium, nausea and vomiting. These attacks 
would last about twenty-four hours. Patient run down and losing weight recently. Exami- 
nation showed early disease in the upper part of the right lung. Examination of the abdo- 
men showed marked tenderness in the region of the caecum, no thickening determined. 
X-rays were positive for caecal tuberculosis. Operation was performed November 24, 1919, 
and revealed chronic appendicitis and thickening of the walls of the caecum. The appendix 
was removed but caecum was left. On returning after the operation there was an increase in 
all the abdominal symptoms and also in the pulmonary symptoms, and an extension of pul- 
monary disease. The disease, both the abdominal and pulmonary, has been progressive 
since. 
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No. 1173. Mrs. M. N., thirty years, December 15, 1919. Moderately advanced dis- 
ease of the whole of the left lung. Has been run down for about six months, there has been 
some looseness of the bowels and abdominal cramps for past week, before which time no 
digestive disturbances were noted. Examination showed very marked tenderness in right 
lower quadrant but nothing beyond this. X-rays positive for intestinal tuberculosis. As 
the pains were increasing and becoming more frequent and digestive disturbance more 
marked operation was decided on and performed February 24, 1920. This revealed ulcera- 
tion through the greater part of the small intestine, caecum, ascending, transverse, and 
descending colon down as far as the sigmoid. The appendix was removed and nothing else 
done. Since the operation there has been no abdominal pain, but the looseness of the bowels 
and flatulence continues, temperature has been elevated each day and patient is rapidly losing 
strength. 

Summary of cases 
Total number of cases operated on 
Total number of operations 


Excision Alive and well 
Alive—improved 
Alive—unimproved 


Simple laparotomy 


Tleosigmoidostomy and appendicec- 
Alive and well 
Alive—improved 
Alive—unimproved 


Alive and well 
Alive—improved......... 
Alive—unimproved 


Tleostomy 


Total cases 


Alive and well 
Alive—improved 
Alive—unimproved 


Cases in which death was hastened by operation 
In conclusion I wish to thank Drs. Archibald and Bazin of Montreal, Dr. R. M. Brown 
of Saranac Lake and Dr. Lothrop of Buffalo, and other surgeons for their operative treat- 
ment of these cases, and also Mr. H. L. Sampson for his painstaking and skilful X-ray 
diagnoses. 


’ Operations Results 
9 
2 
4 
6 
1 
2 
Percent 
22 100.0 


THE OCCURRENCE OF INTESTINAL TUBERCULOSIS IN 
PATIENTS WITH PULMONARY TUBERCULOSIS AT 
THE TRUDEAU SANATORIUM 


LAWRASON BROWN, HOMER L. SAMPSON anp F. H. HEISE 
Trudeau, New York 


A recent study of intestinal tuberculosis by two of us has led us to 
believe that it can now be diagnosed in many instances long before 
symptoms, formerly considered characteristic of it, appear. With 
such a method at our disposal we began a study to see when it first 
appeared in the course of pulmonary tuberculosis. It was but natural 
that a routine examination of all patients admitted to the Trudeau 
Sanatorium should be undertaken by this roentgenologic method and 
we wish now to report on 89 unselected consecutive cases. At the same 


time we submitted 80 of them to a carmine test to see if it would reveal 
hypermotility if present. 


BARIUM MEAL TECHNIQUE 


The barium meal technique differs slightly from the one mentioned 
in a previous communication (1) in that the patients are examined more 
frequently. The examination was mainly roentgenoscopic. However, 
plates were made at frequent intervals in many cases, in order to check 
or clarify doubtful observations. For the thirty-six hours prior to the 
ingestion of the barium meal, usually given at 9 a.m., the patient abstained 
from the use of any laxative. Breakfast was permitted. The ingestion 
of the barium meal was observed reontgenoscopically. Following 
the ingestion, examinations were made at two hour intervals for the 
next ten hours or oftener if the case warranted it. Dinner was omitted. 
The patient was then examined ‘every twenty-four hours until there was 
a complete elimination of the barium. In some cases of marked con- 
stipation the patient took a laxative after the seventy-second hour 
examination. This was done to give him relief. 
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RESULTS OF BARIUM MEAL STUDY - 


Immediately following the ingestion of the barium meal nothing of 
importance was observed in any of the cases. The different types of 
the stomachs varied from hypertonic to atonic and the position (height) 
was also a very variable factor. In some of the cases extreme ptosis was 
observed. The cap or first portion of the duodenum was seen at this 
examination or the next in practically all the cases. 

The second hour and fourth hour examinations revealed the usual or 
“normal” picture. However, the latter possibly threw a little light on 
the question of tuberculous enteritis, whereas in many of the cases 
previously recorded (1) we had observed marked segmentation of the 
ileum with apparently localized stasis and dilatation. This was rarely 
observed in the present series of routine cases. These manifestations, 
it would seem, deserve further and closer study. 

In 11 cases (12 per cent) a gastric retention was observed at the eighth 
hour. From observations previously made (1) the impression was 
formed that gastric retention occurred more frequently in patients 
suffering from proved intestinal tuberculosis than in those apparently 
negative. However, the manifestations should not be given too much 
weight in the present series, as only 4 or probably 6 cases were diagnosed 
as positive. 

Considerable time and effort were spent on the examinations from 
the sixth to the ninth hour with more frequent observations in the suspi- 
cious cases, for during this period the roentgenological interpretation of 
tuberculous colitis can practically always be made. However, other 
factors contributed materially to the final diagnosis. In 83 cases (93.25 
per cent) no definite filling defects were observed in the proximal half of 
the colon if enough barium had reached these sites to overfill them. 
The colon was usually well rounded and decided haustration was com- 
monly seen in a large number. Attempts were made to test the excit- 
. ability of the caecum and ascending colon by trying to cause this portion 
of the bowel to eliminate the barium it contained. This was done by 
moderately deep palpation. The attempt, however, was unsuccessful. 
It may be recalled here that the opposite is true in a majority of cases 
suffering from tuberculous colitis, that is, slight stimulation by palpa- 
tion causes emptying of the caecum. Complete elimination of barium 
occurred in the negative cases at varying times between twenty-four 
and one hundred and twenty hours. However, two cases did reveal a 
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barium-free bowel at the twenty-four hour examination. The great 
majority eliminated the barium completely between the forty-eighth 
and seventy-second hour. 

Four of the remaining 6 cases presented an entirely different picture— 
either absence of the caecal or ascending colon shadow at that time 
(sixth to eighth hour) when more than enough barium to fill these sites 
had passed, or decidedly defective filling of these parts occurred with 
considerable barium beyond this point. In two or three of these posi- 
tive cases barium could be seen in the terminal ileum at the sixth hour 
examination while one-half an hour to an hour later it was apparently 
in the transverse and descending colon, indicating a probable site of 
irritability in the ascending colon. In these 4 cases complete elimina- 
tion of barium occurred in twenty-four hours. The 2 remaining doubt- 
fully positive cases presented manifestations somewhat similar to the 
positive cases but not characteristic enough to warrant their inclusion 
in the positive group. Further examination is always indicated in this 
type of case. 

In the previous study we were impressed by the rapid complete elim- 
ination of barium from the colon, which very commonly occurred in 


less than twenty-four hours; and, hoping that the ingestion of carmine 
would throw further light on the question of hypermotility in tuber- 
culous colitis, we started to examine routinely 100 cases at the Trudeau 
Sanatorium. 


CARMINE TEST TECHNIQUE 


To determine the motility of the gastrointestinal tract, eight hours 
following the last defecation the patient was given two carmine capsules 
(5 grains each) following which he noted the appearance and disap- 
pearance of the carmine in the stools. No modifications were made in 
the patients’ daily routine other than that they were to abstain from 
the use of any laxative. 


RESULTS OF CARMINE TEST 


In 50 cases (62.5 per cent) the carmine appeared in the stools between 
the eleventh and eighteenth hours, occurring most frequently at the 
sixteenth hour (16 cases). The time of appearance of the 30 remaining 
cases varied between eight and sixty-four hours. The time of disap- 
pearance varied between twelve and one hundred and thirty-five hours, 
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complete elimination occurring in 34 of the cases (42.5 per cent) between 
the thirty-fifth and forty-ninth hour. In 5 cases the carmine was 
recorded as having disappeared in less than twenty-four hours. Of 
these only 2 were diagnosed as having tuberculous colitis. As far as 
the “time of appearance” is concerned no important features were 
brought out. 

It would appear from the above data that the time of appearance of 
the carmine which occurred in 50 of the cases (62.5 per cent) between 
the eleventh and eighteenth hours was the result of taking the carmine 
at a specified time, namely eight hours after the last defecation, whereas 
the time of disappearance was not so well controlled. 


SUMMARY 


In this series of 89 consecutive routine examinations, tuberculous 
colitis was diagnosed as positive in 4 and as doubtfully positive in 2. 
Thirteen per cent of the patients at the Trudeau Sanatorium are dis- 


charged unimproved. 
The use of carmine is of no help in determining the presence of hyper- 


motility in tuberculous colitis. 
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FUNCTIONAL CARDIOVASCULAR DISTURBANCES 
IN TUBERCULOSIS 


ERNST P. BOAS 
New York City 


Vasomotor disturbances and other circulatory disorders are very com- 
mon in the tuberculous. In fact, as is well known, they may be 
among the leading symptoms ushering in the disease. During its 
course they play a prominent part in the symptom complex, and even 
a quiescent case may still have all sorts of complaints referred to the cir- 
culatory system. In this discussion I shall pass over such cardiovascu- 
lar disorders as are associated with displacement of the heart, due to the 
drawing of the mediastinum to the side of the advanced lesion, a condi- 
tion which may cause precordial pain, dyspnea, and palpitation; as well 
as the dyspnea and cyanosis due to the loss of a good deal of lung tissue. 
I wish to consider, rather, such symptoms as precordial pain, palpitation, 
flushing, vertigo, fainting, tachycardia, and acrocyanosis, which occur 
without apparent organic basis. . 

These symptoms are seen, not infrequently, early in a case of tubercu- 
losis, and some or all of them are often seen during the later course of 
the disease. Indeed, they are so common, and have been thought so 
characteristic, that some authors have described cases of latent or occult 
tuberculosis, which give no manifestations beyond these autonomic and 
sympathetic disturbances. The most recent exposition of this view is 
by Sewall (1), who describes patients with labile vasomotor systems as 
well as with symptoms of neurasthenia. In these individuals, physical 
and X-ray examination may reveal slight sclerosis of the hilum lymph 
nodes and upper bronchial radiations, and, a condition which he consid- 
ers characteristic, an abnormal lowering of the pulse pressure on chang- 
ing from the supine to the erect posture. These symptoms, Sewall 
claims, are due to a “‘subtle intoxication” by the Koch bacillus; they are 
nonprogressive, and most of the subjects of this toxemia never develop 
clinical tuberculosis. Head (2) has arrived at similar conclusions. He 
states that all patients with neurasthenia of undiscoverable etiology, 
who give a positive tuberculin reaction, have concealed tuberculosis. 
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In addition to the symptoms enumerated by Sewall, he includes the func- 
tional gastrointestinal disturbances in his clinical picture. The duration 
of the symptoms may be years, some even dating from childhood. Sev- 
eral European authors have expressed parallel opinions. Thus Papillon 
(3) believes that all neurasthenics should be considered tuberculous until 
proved otherwise, and Engel (4) emphasizes that neurasthenia is very 
often caused by tuberculosis, and that when it occurs in a tuberculous 
subject it is a toxic manifestation. 

These views are undoubtedly too extreme. When we consider that 
the vast majority of adults harbor tubercles within their bodies without 
suffering from tuberculosis, that the seat of election of such tubercles is 
the bronchial lymph nodes, and finally that the tuberculin reaction is 
not an infallible guide in the diagnosis of active tuberculosis, but that 
most people who harbor tubercle will react positively to this test, we 
see on what slender evidence these authors base their conclusions. As 
will be seen below, similar specious arguments may be used to prove the 
tuberculous nature of any disease. 

On the other hand, when the group of symptoms which we are discus- 
sing appears at the same time as, or shortly before, clinical tuberculosis 
is diagnosed in a patient, we may endeavor to establish a causal rela- 
tionship between the two. Solis-Cohen (5) has studied a series of tu- 
berculous subjects from this aspect, and has concluded that these symp- 
toms are the manifestations of a defense reaction of the internal secre- 
tory organs to the tuberculous poison. Deutsch and Hoffmann (6) have 
expressed similar views. 

These vasomotor, dyspeptic and asthenic symptoms, to which for 
convenience I shall refer as neurasthenic, are not peculiar to tuberculo- 
sis. Itis a well established fact that they are often signs of a constitu- 
tional nervous instability, which is not infrequently an hereditary trait. 
Several authors have emphasized that neurasthenic symptoms in tuber- 
culosis are particularly evident in patients with such a constitutional 
nervous predisposition. Thus the authors just quoted state that indi- 
viduals who before their illness were ‘“‘autonomics” are the ones who 
especially have autonomic symptoms when they contract tuberculosis. 
Jessen (7) says that lability of temperament and similar symptoms in 
tuberculosis are more pronounced in individuals with a poorly organized 
psychic nature, and that the neuroses in tuberculosis are due to the 
action of the toxin on a congenitally weak nervous system. The best 
paper that deals with this subject is by Muralt (8). He considers all of 
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the vasomotor and’ dyspeptic phenomena that one encounters in the 
tuberculous, as well as the fatiguability and lack of will power, and 
finds that a constitutional nervous predisposition is very important in 
the development of all of these symptoms. He further states that phthi- 
sis may activate a latent neurasthenic tendency. In the discussion of 
this paper Dubois (9), too, emphasizes the importance of a constitu- 
tional neurasthenia underlying the nervous symptoms manifested by 
tuberculous patients. 

The similarity of the symptoms under discussion to those of hyperthy- 
roidism has been noted by many observers. Brandenstein (10) reports 
on the frequency of an enlarged thyroid in early tuberculosis. She found 
as well, 6 clear cases of Graves’ disease among her series of 100. In 
all of the cases the symptoms of hyperthyroidism ran part passu with 
the progress of the lung condition. Biolakur (11) finds the thyroid 
gland enlarged in most cases with vasomotor instability, palpitation, 
sweating, and mental depression, particularly in women. From his 
study he concludes that the symptoms of Graves’ disease are often an 
expression of tuberculous infection, and that they may be a sign of latent 
tuberculous infection. Saathof (12) goes even further. He found that 
44 out of 45 patients with Graves’ disease had occult tuberculosis, as 
proved by X-ray hilum shadows, and the tuberculin reaction. He uses 
the same faulty reasoning as those men who seek to establish the iden- 
tity of neurasthenia and tuberculosis. All of these writers emphasize 
the more favorable prognosis in tuberculous patients who have thyroid 
enlargement, as well as the fact that it is a sign found especially in early 
tuberculosis, rarely in advanced cases. 

The similarity of the symptoms in incipient tuberculosis to those in 
exophthalmic goitre led Goetsch to investigate whether there is any 
relationship between the two. In 1918 before the New York State 
Medical Society (13) he described an epinephrin test which, he believed, 
enabled one to recognize mild cases of hyperthyroidism. In individuals 
with just such symptoms as are under discussion, he believes that a posi- 
tive epinephrin reaction indicates that the thyroid is the cause of the dis- 
order, and that thyroidectomy will bring relief. Pathologically he finds 
minute adenomas of the thyroid gland in such patients. More recently 
he has modified his position. He concedes that a positive test does not 
necessarily mean hyperthyroidism, but that the exceptions are few. 
However he claims that all cases of hyperthyroidism will give a positive 
reaction, and that a negative reaction means that there is no hyperthy- 
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roidism (14). In conjunction with Nicholson he employed the test in 
the study of tuberculosis at the Trudeau Sanatorium (18). Among 18 
doubtful cases of tuberculosis they found 10 positive and 8 negative 
reactions; among 16 inactive cases with cardiovascular symptoms, 9 
positive and 7 negative; and in 6 definitely tuberculous patients they got 
no positive reactions. They interpreted their results to mean that those 
patients who reacted positively to the test were suffering from hyperthy- 
roidism, and that tuberculosis per se does not give a positive reaction. 

The technique of the test is as follows: The patient is kept in bed for 
twelve hours before the test. Then a series of blood pressure determina- 
tions are made until the readings become constant. It will be found 
that there is usually a drop of from 10 to 15 mm. of mercury in the sys- 
tolic pressure within fifteen minutes. This is probably dependent on 
psychic factors, and is seen in all carefully controlled blood pressure 
observations, whether they be made on individuals with normal tension, 
with hypertension, or with hypotension. At the same time the patient 
is asked whether he feels nervous, and a note is made of the pulse rate, 
of the presence or absence of tremor of the hands, of throbbing of the 
carotid arteries or abdominal aorta, and of the circulation in the hands. 
Then 0.5 cc. of a 1 to 1000 solution of epinephrin is given subcutaneously. 
The blood pressure and pulse are taken every two minutes for the fol- 
lowing ten minutes, and then every five minutes for one hour. A note 
is made of a change in any of the symptoms just enumerated. A posi- 
tive reaction is indicated by a rise in the systolic pressure of over 10 mm., 
frequently by a drop in the diastolic pressure, by a rise in the pulse 
rate, and by an increase in the tremor, as well as coldness and blueing 
of the hands. With this, the patient often complains of feeling restless 
and nervous, his breathing may become rapid and deep, and he may 
have headache or vertigo. All of these signs and symptoms do not 
. appear in every positive reaction. The reaction lasts about thirty min- 
utes and gradually subsides in the course of another hour. It cannot 
be simulated by the slight disturbance caused in a nervous patient by 
the procedure of hypodermic injection. 

At the Montefiore Hospital, in the tuberculosis service of Dr. Fishberg, 
we have chiefly cases of advanced tuberculosis, so the character of the 
material available has somewhat limited my study. I tested 9 patients 
with active advanced tuberculosis in the manner described above, re- 
peating the tests on most of them. Of these 9 individuals, 3 gave clear 
positive reactions, 2 gave mild, 2 doubtful, and 2 negative reactions. 
The test was performed in the morning and in the afternoon on the 
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same patient in some instances to ascertain whether the afternoon tem- 
_ perature might have some effect on the reaction. No such relationship 
was established; and the morning and afternoon tests corresponded, 
except in one case. This patient was tested four times. Once in the 
morning on August 20, 1919, with a normal temperature, she reacted 
negatively. A few days later in the afternoon, with a temperature of 
101°, the result of the test was doubtful. On October 14 in the after- 
noon with the temperature at 101.6° the reaction was weakly positive. 
Finally on the afternoon of February 19, 1920, with the temperature at 
101°, two weeks after a severe attack of influenzal bronchopneumonia, 
while she was still very weak and shaky, she gave a clear cut positive 


reaction. 
Tables illustrating positive epinephrin reactions 
THROB- 


PULSE NERVOUSNESS TREMOR | BING OF REMARKS 
ARTERIES 


.B. Female. Age 19. Temperature at time of test 101° 


118/65 0 + 0 
108/56 0 0 
105/66 
108/60 0 


& 


* 


110/60 0 
145/90 Palpitation 
125/74 Palpitation 
120/74 Slight palpitation 
120/70 Slight palpitation 
126/70 Slight palpitation 
110/68 Slight palpitation Respirations 36, deep 
112/68 Slight palpitation 
112/68 Slight palpitation 


a: 
2: 
23 
2: 
23 
23 
3 
33 
3: 


G.R. Female. Age 24. Temperature at time of 


106/64 | 116 0 
110/68 | 112 
104/60 | 112 


104/68 | 112 
125/70 | 120 Palpitation 
130/70 | 132 Palpitation 


136/70 | 140 Headache 
130/70 | 132 Headache 


130/70 | 132 Dizzy headache 
120/65 | 112 Feels weak 

120/65 | 120 
116/65 | 130 | Feels well 


* Epinephrin 1 to 1,000, 0.5 cc. subcutaneously. 


Pe 
test 99° 
9:43 | 
9:46 
9:51 
9:53* 
9:54 
9:55 
9:57 
9:59 
10:01 
10:06 
10:13 
10:24 
10:30 
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There is no apparent relationship between the activity of the tubercu- 
losis, the body habitus of the patient, or his symptomatology and a 
positive epinephrin reaction. Nor does the family history play any 
réle. Only one of the cases reacting positively gave any clinical evidence 
of hyperthyroidism. This girl, with a moderately advanced phthisis, 
has all the earmarks of a mild Graves’ disease, but gave only a weakly 
positive, atypical reaction. 

The discussion of these results will be clarified by a consideration of 
the meaning of epinephrin test. Goetsch has claimed that with very 
few exceptions it is an indicator of a definite even though latent hyper- 
thyroidism. ‘The similarity of these borderline cases of supposed hy- 
perthyroidism to cases of irritable heart, also known as effort syndrome, 
or neurocirculatory asthenia, is striking. In a series of such cases I per- 
formed the Goetsch test (15) and found that 28.6 per cent of the men 
reacted positively. A positive reaction was not associated with any evi- 
dences of hyperthyroidism; in fact there were no criteria by which one 
could predict whether or not any particular case would be sensitive to 
epinephrin or not. Wearn and Sturgis (16) studied a similar, but se- 
lected, series of cases and obtained 59 per centof positivereactions. Their 
higher percentage is due, I believe, to the fact that they gave the epi- 
nephrin intramuscularly instead of subcutaneously, and because they 
selected their cases. Peabody (17) showed that the basal metabolism 
of soldiers with neurocirculatory asthenia was not raised, even when they 
were epinephrin sensitive. Most of the men who have studied the effort 
syndrome agree that the thyroid is not concerned in the etiology of the 
symptom complex. More recently, Wearn (19) has reported a series of 
positive epinephrin tests on cases that were definitely nonthyroid in na- 
ture, and whose basal metabolism was normal. What then is the cause 
of a positive epinephrin test? I believe that it means nothing but an 
increased sensitivity of the sympathetic system to epinephrin, and pos- 
sibly an increased sympathetic irritability. This occurs of course in 
hyperthyroidism, and such patients will give a positive reaction; but on 
the other hand a positive reaction does not necessarily mean exophthal- 
mic goitre. Therefore, since the test shows no such specificity as was 
originally claimed for it, its value in the study of these borderline cases 
is very limited. ‘This becomes more evident when we review the results 
that I have obtained, and particularly the variation of the test in a par-_ 
ticular case. ‘The cases are too few of course to make a study of percent- 
ages worth while, but we find a positive reaction occurring in certain 
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cases of tuberculosis, while in other similar cases it is negative. There 
are no Clinical criteria by which we can predict which case will be sensi- 
tive to epinephrin. ‘The activity of the lesion and the nervous and car- 
diovascular symptomatology have no evident bearing on the reaction. 
These results correspond with those obtained on patients with neuro- 
circulatory asthenia. 

A further comparison of cases of tuberculosis presenting signs of vaso- 
motor instability with the effort syndrome group is of considerable in- 
terest. There are twomaintypesofneurocirculatory asthenia. One is in 
individuals with constitutional nervous instability or inferiority. The 
other is in patients who have suffered from an acute infectious disease. 
In the first group an acute infection always serves to aggravate the symp- 
toms, and not infrequently latent symptoms are first brought to light 
following an acute febrile attack such as pneumonia. Chronic infections 
such as hookworm disease may act in the same way. A careful history 
of phthisical subjects will reveal in some of them mild nervous vasomotor 
and gastrointestinal symptoms, antedating by many years the tubercu- 
losis. In other cases these symptoms make their very first appearance 
with the disease. Is it not probable then that those cases of tuberculosis 
which are ushered in with such striking cardiovascular symptoms really 
belong to the neurocirculatory asthenia group, and that in them the tu- 
berculosis acts as the acute infection, bringing to light latent symptoms? 
It is striking too that the so called tuberculous habitus is encountered 
frequently among patients with effortsyndrome. Those cases with a 
negative history, in whom the symptoms develop during the course of 
the disease, are comparable to the second type of neurocirculatory as- 
thenia. Functional gastrointestinal disorders act in the same way as 
the cardiovascular ones (20) (21). This is true both of cases of neuro- 
circulatory asthenia and of tuberculosis. Dr. Fishberg expresses a simi- 
lar opinion on the nature of the gastrointestinal symptoms in tubercu- 
losis, and with these the cardiovascular symptoms may be paralleled, 
when he says in his book, “Digestion in phthisis usually depends on the 
condition of the gastrointestinal tract before the onset of the lung dis- 
ease” (22). 


CONCLUSIONS 


The functional disturbances of the circulatory, alimentary, and nerv- 
ous systems in the tuberculous are not a specific manifestation of 
tuberculosis, but are usually conditioned by a constitutional nervous in- 


‘ 


462 ERNST P. BOAS 


stability of the patient. At times they may appear without such an 
underlying predisposition, and then may bear some relationship to hy- 


peractivity of the thyroid gland. 

The epinephrin test is of no value in the differential diagnosis of doubt- 
ful cases of tuberculosis and hyperthyroidism. First, it is not a specific 
test for the latter condition, but betokens only a heightened sympathetic 
irritability. It may be positive in cases of frank tuberculosis. Second, 
symptoms of hyperthyroidism, including goitre and eye signs, occur in a 
certain number of cases of early tuberculosis, and may possibly represent 
a defense reaction of the organism to the infection. 

Patients in whom vasomotor and other functional disturbances are 
latent, and in whom they are activated by the tuberculous infection, 
belong to the same group as, and are analagous to, those with neurocir- 
culatory asthenia. 
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STUDIES ON THE INHIBITORY ACTION / OF SODIUM 
CINNAMATE IN TUBERCULOSIS 


H. J. CORPER, H. GAUSS anp W. A. GEKLER 
Research Department, National Jewish Hospital for Consumptives, Denver, Colorado 


It has been pointed out in previous contributions (1) that the study 
of the chemotherapy of tuberculosis can well be divided into the study 
of the direct action of the substance under investigation and the study 
of its indirect action. In considering the direct action of a substance 
upon tubercle bacilli there are two modes which must be under con- 
sideration, a specific bactericidal and a specific growth inhibitory action. 
Sodium cinnamate called Hetol by Landerer, who carried on extensive 
investigations with this substance, was mainly considered by him as 
an indirect therapeutic agent toward tuberculosis, capable of effecting 
an inflammatory reaction around the tubercle and thus indirectly acting 
upon the tubercle bacilli and favorably affecting the disease. 

Landerer was one of the pioneer chemotherapeutists in the field of 
tuberculosis and although niost of his early studies were of a clinical 
nature and were applied to external tuberculosis he was keenly interested 
in finding a substance which would affect internal tuberculosis and could 
be administered by the intravenous route. 

He had worked with iodoform, bismuth subnitrate, zinc oxide and 
some other commonly advocated chemicals, when finally in 1888 balsam 
of Peru was called to his attention as a result of the studies of the Ameri- 
can surgeon and orthopedist, Sayre. The results obtained by him (2) 
upon external tuberculosis were so favorable that he was encouraged 
to use this substance on internal tuberculosis. His greatest difficulty 
was encountered, however, in obtaining a satisfactory emulsion or 
solution for injection; so that in 1890 (3) he began to use cinnamic acid,. 
a constituent of balsam of Peru, which could be prepared synthetically 
and in chemically pure form. Finally in 1893 (4) he changed to a 
solution of sodium cinnamate (Hetol), the sodium salt instead of the 
emulsion of cinnamic acid. Its advantages were many. The salt was 
soluble in water to the extent of 5 per cent. It was nontoxic, could be 
sterilized easily and could be prepared in pure form; and, if anything, 
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it gave better therapeutic results than the cinnamic acid. Landerer 
and his co-workers (5) concluded that cinnamic acid and its salts were 
strongly positive chemotactic substances producing a marked leuco- 
cytosis and hastening the healing of tuberculosis in the lungs of rabbits 
and man (5) by the natural methods of walling off, encapsulation and 
scar tissue formation. Landerer never claimed Hetol to be a specific 
for tuberculosis but merely believed that it had a special action on 
diseased foci due to its accumulation at these sites. 

Landerer’s method of treating pulmonary tuberculosis has finally 
fallen into disuse for lack of satisfactory conclusive data corroborating 
its efficacy. It was not with any idea of repeating Landerer’s work 
that the following investigations were carried on; but rather to elaborate 
on the studies with sodium cinnamate, since some encouraging prelimi- 
nary studies seemed to indicate that this compound still possessed 
possibilities, mainly on account of its low toxicity, as an inhibitory 
agent in tuberculosis. Two other facts seemed also to make this work 
desirable, namely, the impurity and toxicity of preparations obtainable 
on the market, both of German and American make of so called highest 
chemical purity, and the adherence to only comparatively small doses 
according to Landerer’s technique. 

It was found that the ordinary American preparations of sodium 
cinnamate were comparatively very toxic while even the Merck’s best 
grade (special label) had a distinct benzaldehyde odor and, since ben- 
zaldehyde is highly toxic, it should be possible of further purification. 
The usual method of preparation of cinnamic acid as given in most refer- 
ence books is identical with that given by Fischer (6). Twenty grams 
of benzaldehyde, 30 grams of freshly distilled acetic anhydride and 10 
grams of dry powdered sodium acetate are boiled over an oil bath, 
under a reflux condenser for eight hours. The hot mass is then poured 
into 4 to 5 times its amount of water, and steam is passed through this 
until all the unchanged benzaldehyde is driven off. There separates 
from the remaining mass, made up of water, acetic acid and a suspended 
oil; and, upon cooling, large amounts of cinnamic acid. To the mixture 
is added without filtering, and while still warm, an excess of sodium 
hydroxide. The sodium cinnamate thus formed is then filtered while 
hot from the oil. The filtrate after cooling is acidified with hydrochloric 
acid, when cinnamic acid again separates out, and can then be obtained 
by filtration and repurified by one or two recrystallizations from hot 
water. It was found necessary, however, to remove all the benzaldehyde 
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so that after the above preparation steam had to be passed through the 
hot cinnamic acid for at least several hours and repeated for about from 
4 to 6 times (filtering the solution while hot, allowing to cool and filtering 
again and adding a fresh portion of distilled water, and heating and 
passing steam through the hot solution). The final product after from 
4 to 6 such treatments possessed no odor of benzaldehyde and was then 
cautiously neutralized with pure sodium hydroxide, after which the 
sodium cinnamate was recovered by evaporation and was kept for 
use in dry form. This product possessed practically no toxicity. Rab- 
bits would tolerate intravenously a single injection of 1 to 2 grams of 


TABLE 1 
The tuberculocidal action of pure sodium cinnamate 


PRELIMINARY INCUBATION RESULTS OF GUINEA PIG INOCULATION 


Concentration of |Period of incubation} Culture 1687 human 0.000,001 | Culture 1000 human 0.000,001 
sodium cinnamate of tubercle | mgm. per injection mgm. per injection 

mgm. per cc. bacilli plus sodium 

mixture cinnamate Series A Series B Series A Series B 


days 


3 +++ +++ | ++ 
1 +++ ++ +++ 


3 
1 +++ | +++ 


5 3 +++ | +++ ae 


3 ++ | +++ 


+- Distinctly enlarged local and slightly enlarged retroperitoneal glands. 

++ Enlarged local and retroperitoneal glands and slight involvement of the spleen. 

+++ Enlarged local and retroperitoneal glands, spleen markedly involved, the peri- 
tracheal glands enlarged and the lungs slightly involved. 


sodium cinnamate (prepared as above) per kilo given in 5 or 10 per cent 
solution. 
Landerer (7) states that sodium cinnamate possesses no bactericidal 
power upon the tubercle bacillus, but he gives-no detailed experiments. 
This is, however, corroborated in the following experiment, at least in 
so far as concentrations attainable in the body are concerned. 
Suspensions of 0.000,001 mgm. of virulent human tubercle bacilli 
(laboratory strains no. 1687 and no. 1000) were treated with varying 
concentrations of sodium cinnamate from 1 to 20 mgm. per cubic centi- 
meter. The mixture which was then incubated at 37°C. for one to three 
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days was subsequently injected into guinea pigs. After six weeks the 
animals were examined, when it was observed that the preliminary treat- 
ment of tubercle bacilli with sodium cinnamate, prior to injection into 
guinea pigs, appeared to have no bactericidal action on the tubercle 
bacilli, as evidenced by the course of the disease in the animals (table 1). 

The above experiment indicates that even in 2 per cent concentration 
and an exposure of three days, sodium cinnamate possesses no tuber- 
culocidal power. In order to note in what concentration sodium cin- 
namate possesses growth inhibitory power a series of tubes of 5 per cent 
glycerine agar was prepared, containing varying concentrations of sodium 
cinnamate; and these were seeded with human tubercle bacilli and incu- 
bated at 37°C. for one month when they were examined for growth with 
the results given in table 2. 

TABLE 2 


Growth inhibitory power of sodiwm cinnamate in glycerine agar 


CONCENTRATION OF SODIUM CINNAMATE (MGM. PER CC.) 


3 1 0.5 0.1 0.05 0.001 |Controls 


Cultures were examined for growth one month after seeding. 


These results were encouraging since the low toxicity of sodium cin- 
namate by intravenous injection made it seem highly probable that 4 
concentration of 0.5 mgm. per cubic centimeter of the blood (or body 
fluids) could be obtained and probably maintained for some time. 
Sodium cinnamate, being a crystalloid, would also insure a rapid general 
distribution throughout the body (8). 

In order to be able to determine the concentration of sodium cin- 
namate in the tissues, and especially in the blood, the following rapid 
method was developed and used for this purpose. The sample of blood 
to be analyzed was diluted with ten volumes of pure methyl alcohol 
and was allowed to stand two hours, which precipitated all the proteins. 
The filtrate containing the sodium cinnamate was then evaporated to 
dryness on a water bath and the residue was dissolved in a definite 
volume of distilled water. A series of dilutions was then made from 
this solution, which by preliminary test would reveal about 0.2 to 1.0 
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mgm. sodium cinnamate per cubic centimeter. The sodium cinnamate 
content of the solution was then determined by comparing the unknown 
in various dilutions with known solutions, with contents of sodium cin- 
namate graded by 0.1 mgm. from 0.2 to 1 or 2 mgm. per cubic centi- 
meter, using for test the density of the precipitate produced by contact 
with a superimposed solution of pure dilute hydrochloride acid (about 
a normal solution). This method proved sufficiently accurate for 
practical purposes, and allowed readings accurate to within tenths of 
a milligram in the range of 0.2 to 2 mgm. per cubic centimeter of solution. 

In preliminary experiments it was found that 1.25 grams per kilo 
of pure sodium cinnamate given intravenously to the rabbit was still 
consistent with life. In order, therefore, to determine what concen- 
tration of sodium cinnamate could be attained in the blood and its 
persistence there, a series of rabbits was given intravenous injections 


TABLE 3 


The persistence of sodium cinnamate in the blood of rabbits after intravenous injection 


SODIUM CINNAMATE CONTENT OF THE BLOOD MGM. PER CC. 


AMOUNT OF 
SODIUM CINNA- 

MATE PER KILO After 
GIVEN 

1 minute | 2 minutes | 3 minutes | 4 minutes | 6 minutes 
30 seconds}; ‘seconds|30 seconds|30 seconds|30 seconds|30 seconds|22 Seconds 


25 é 8.5 2.3 1.8 1.5 


1 1.1 0.8 0. 
1.00 é 6.0 2.1 1.5 0.9 0.7 0.6 0. 


1 
2 


of 5 per cent sodium cinnamate (1.25 grams per kilo) and the blood 
was analyzed before and at various intervals thereafter with the result 
given in table 3 (two typical cases). 

From these experiments it is to be noted that sodium cinnamate, 
given intravenously to rabbits, disappears gradually and completely 
from the blood within a day and therefore must be administered con- 
tinuously if a concentration is to be maintained for any length of time, 
as might be necessary to exert an inhibitory influence upon the tubercle 
bacillus. In order to note whether any pathological effect was produced 
by the prolonged intravenous administration of sodium cinnamate, 
several rabbits were given three and four injections of 0.5 gram per kilo 
of sodium cinnamate daily for six days without any visible effect. This 
seemed encouraging and made possible the continuous intravenous in- 
jection of sodium cinnamate. Before attempting this, however, it 
seemed desirable to study the inhibitory action of sodium cinnamate 
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contained in the blood of rabbits. For this purpose a rabbit was given 
an intravenous injection of sodium cinnamate and blood was drawn at 
intervals, its cinnamate content determined, and it was then either 
inspissated after the addition of 5 per cent glycerol and used as a culture 
medium, or it was mixed using sterile precautions with one fourth volume 
of 20 per cent glycerol 6 per cent agar and slanted to give a solid medium. 
These mediums were then seeded with human tubercle bacilli, incubated 
at 37°C. for eight weeks, and read with the results given in table 4. 

It is noted from this experiment that rabbits blood, containing between 
1 and 2 mgm. of sodium cinnamate, possesses growth inhibitory proper- 
ties toward human tubercle bacilli. Therefore, if this concentration of 
the cinnamate could be maintained over a long period of time without 


TABLE 4 


The growth inhibitory action of sodium cinnamate, contained in the blood of rabbits after 
intravenous injection, upon human tubercle bacilli 


CONCENTRATION OF SODIUM INSPISSATED FRESH BLOOD PLUS AGAR 


(MGM. PER CC. a BLOOD PLUS GLYCEROL PLUS GLYCEROL 


* These results are graded from + to +-+--+ and are the mean readings of three tubes 
inoculated. 


harm to the animal, it should be of definite therapeutic value. In order 
to test whether a concentration of between 1 and 2 mgm. of sodium 
cinnamate in the blood could be maintained over a long period of time, 
recourse was first had to the Woodyatt continuous injection apparatus 
(9), but it was soon found that this instrument could not be used con- 
tinuously for more than twenty to thirty hours. Another method of 
injection was devised which, though not as accurate, could be used, 
with care, over an indefinite period. 

Continuous injection apparatuses, in which the pressure is imparted 
by a chamber of compressed air, have been described by Kritchmer (10) 
and Rhodes (11). Our apparatus consists of a burette with side arm, 
the top of the burette being connected with a pressure tank, the side 
_ arm to the reservoir for the fluid to be injected, and the outlet directly 
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with the injecting needle. Fluid is permitted to run into the burette 
from the reservoir, which is then closed off by a pinch clamp and pressure 
from the tank applied. A useful pressure regulator was found in a 
column of mercury into which was placed the open end of a glass tube 


Fic. 1. DracrAmM oF Continuous INjECTION APPARATUS 


1, tube leading to pressure tank; 2, continuation of tube 1 leading to burette; 3, side 
arm from tube 1 leading into mercury column; 4, burette in which fluid is kept under con- 
stant pressure; 5, mercury column; 6, connecting tube between burette and reservoir; 7, 
reservoir for fluid given intravenously; 8, outlet from burette, for direct connection with 
vein to be injected. 


connected by means of a T tube directly with the outlet from the pressure 
tank. The pressure could then be altered by raising and lowering the 
open end of the glass tube in the mercury column, the maintained 
pressure was equal to the column of mercury above the open end of the 
glass tube. 
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In order to determine how long a concentration of 1 and 2 mgm. 
could be maintained in the blood of the rabbit by continuous injection, 
using the apparatus described above, a series of experiments was planned 
and carried out, in which two rabbits in each series were given continu- 
ous injections of sodium cinnamate (2.5 per cent) intravenously. The 
blood was analyzed at frequent intervals throughout the experiment 
and the water intake and excretion carefully noted. During these 
injections the rabbits were held in a special box, their heads being held 
in a stock, so that the animal could eat and sleep during the injections 

TABLE 5 
of sodium cinnamate on citrated rabbit, dog and human blood 


RABBIT DOG HUMAN 


Reaction at twenty-four Reaction at twenty-four Reaction at twenty-four 
ours ours hours 


Gel for- 
mation 


MATE: GRAMS PER 
CC. MIXTURE 


OF SODIUM CINNA- 


NAMATE IN SALINE 
CINNAMATE 


Color Gel for- 


mation | Zemolysis 


Hemolysis/Color | Hemolysis 


DILUTION OF SODIUM 
FINAL CONCENTRATION 


VOLUME SODIUM CIN- 


| VOLUME OF BLOOD 


a 


mwnwesd 


1-10 /0. C 
1-10 0. Cc 
1-10 /0. 
1-10 (0. C 
1-10 

1-12 .5}0.9/0. 
1-15 |0.9/0. 
1-20 |0.9/0. 
1-25 |0.9/0. 
1-30 |0.9/0. 
1-40 /0.9/0. 
1-50 |0.9/0. 
1-80 |0.9/0. 
0.9/0. 


Cc 
Cc 
Cc 
Cc 
B 


we 


0. 
0. 
0 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


AA 
coooooot++ 


* 


C = chocolate; B = brown; R = red. 

* Saline control. 

without inconvenience. The difficulties encountered during the first 
few days were few, and were mainly the complete occlusion of all the 
ear veins so that the injections had to be discontinued. Several rabbits 
were, however, successfully injected until the fourth day when there 
would occur either an edema of the ears making further injection impos- 
sible, or the rabbits would become weak and there would be a marked 
retention of water, or the serum upon separation from the corpuscles 
by centrifugating would be distinctly pink as a result of 77 vivo hemolysis 
of the erythrocytes. 
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One rabbit of this series, the longest experiment carried out, was 
given, during a period of eighty-three hours, 950 cubic centimeters of 
2.5 per cent sodium cinnamate (a total of about 24 grams) intravenously. 
The blood content of sodium cinnamate ranged between 0.8 and 1.6 
mgm. per cubic centimeter during the entire period of experimentation. 
The experiment had to be stopped on account of the poor condition of 
the animal and the blood revealed a decided grade of hemolysis. The 
animal died two days later. 

In order to note whether this hemolytic action of sodium cinnamate, 
the main contraindication to its use as a therapeutic agent, occurred 
in vitro its action in different concentrations was studied upon rabbit, 
dog and human whole citrated bloods with the results given in table 5. 

Sodium cinnamate in higher concentrations (1 to 9 per cent) gels the 
blood and effects the hemoglobin (as indicated by the change in color 
to chocolate brown) of rabbit, dog and human whole citrated blood. 
In still weaker concentrations, 0.5 to 1 per cent, it produces a distinct 
hemolysis. 


SUMMARY AND CONCLUSIONS 


Repurified sodium cinnamate, in concentrations up to 2 per cent, 
has no tuberculocidal action within three days, but is distinctly inhibitory 
to human tubercle bacilli in 5 per cent glycerine agar in a concentration 
of 0.05:per cent, while in rabbit blood medium, both fresh and inspissated, 
it is inhibitory only in a concentration of about 0.2 per cent. 

Pure sodium cinnamate does not persist in the blood of rabbits after 
a single intravenous injection (1.0 to 1.25 grams per kilo) for more than 
one day, being present in a concentration of from 0.6 to 0.8 per cent 
after one-half hour, from 0.1 to 0.2 per cent after three hours, from 
0.06 to 0.08 per cent after six hours, and from 0.01 to 0.02 per cent 
after twenty-two hours. 

By continuous intravenous injection of a 2.5 per cent solution of 
pure sodium cinnamate a concentration of 0.08 to 0.16 per cent of the 
blood can be maintained for a period of eighty-three hours in the rabbit. 
On account of its hemolytic action when administered over a prolonged 
period of time (exceeding three days) sodium cinnamate cannot be used 
as an inhibitory agent in tuberculosis. 

In vitro sodium cinnamate has both a hemolyzing and geling action 
upon the whole citrated bloods of rabbits, dogs and human beings. 
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AN UNUSUAL CASE OF PULMONARY TUBERCULOSIS, 
WITH ONSET IN THE LOWER AND SPREAD 
TO THE UPPER LOBE 


I. S. KAHN 
San Antonio, Texas 


This case is reported on account of the rarity of the condition. Aside 
from acute tuberculosis, initial lower lobe involvements, in adults at any 
rate, are seldom encountered. 

Miss K., age twenty-seven, first seen October, 1919, had been under 
treatment for pulmonary tuberculosis off and on for two years. Onset 
gradual. Had no recollection of bacterial findings at start of illness but 
thought sputum had been positive. Chief complaints were fever, cough, 
expectoration and annoying wheezing, but with no distinct asthmatic 
paroxysms. Examination revealed a moderately dense infiltration of 
the lower lobe of the left lung with subcrepitant and indeterminate 
rales. In addition, coarse moist musical rales were heard all over both 
chests. Both isthmi found narrow, and left complemental space prac- 
tically obliterated. A diagnosis was made of chronic bronchiectasis, 
with tuberculosis doubtful on account of the unusual location of the only 
consolidation present. The first X-ray taken October 27, 1919, showed 
a typical tuberculous bronchopneumonic infiltration of the lower lobe 
of the left lung with absence of disease in the upper lobe. Repeated 
sputum examinations invariably showed large numbers of tubercle 
bacilli. 

Two alveolar abscesses were considered the probable etiology for 
the bronchiectasis and appropriate surgical measures were instituted. 
Clinical and physical signs of the bronchiectasis gradually cleared up 
completely in the course of the next few months, but cough and positive 
sputum persisted; and it was noticed that the subcrepitant basal rales and 
dulness were gradually spreading over the upper lobe, where such physi- 
cal signs had previously been nonexistent. A second X-ray taken, 
March 12, 1920, some five months later, confirmed the diagnosis of this 
unusual order of tuberculous disease extension. It also revealed a 
lessened density in the hilum region, coincident with the clearing up of 
some of the old consolidation, which was probably related to the bron- 
chiectasis and was nontuberculous in character. 
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Fic. 1. First X-Ray, SHowrnc DisEASE CONFINED TO LOWER LoBE oF Lert LUNG 
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Fic. 2. Sreconp X-Ray, FivE Montus LATER, SHOWING EXTENSION TO UPPER LEFT LoBE 
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SPONTANEOUS PNEUMOTHORAX FOLLOWING 
ARTIFICIAL PNEUMOTHORAX 


I, S. KAHN 
San Antonio, Texas 


The bibliography of this interesting subject is so well taken up by C. 
H. Cocke in a recent number of this journal (1) that I shall do no more 
than report the four following similar cases from my own practice, as it 
is my impression that a free reporting of this complication by pneumo- 
thorax operators would demonstrate its occurrence more frequently 
than is generally believed. at 


Case 1. Mrs. R., age thirty, entered the Von Ormy Sanitarium May 5, 
1919, a tuberculosis case with considerable activity of the entire left lung, 
complicated by moderate activity of the upper lobe, right side. Sputum 
positive. Previous history unimportant except for asthma and several intra- 
nasal operations for polypi and hypertrophied turbinate bones. Under rest 
cure the case progressed rather unfavorably. Artificial pneumothorax-on left 
side was easily induced on September 18, 1919, subsequent refills being of 
small size on account of activity on the other side. Physical examinations 
and X-ray studies showed the compression only partial, and not extending 
above the 2nd rib or 3rd‘ dorsal spines on account of adhesions. Neverthe- 
less, clinical improvement was rather remarkable, even though by the end of 
December, 1919, the manometer reading at the close of refills was not per- 
mitted to pass the neutral. Previous fever disappeared completely. On 
January 4, 1920, a routine refill operation was easily performed. The read- 
ing at the start of the operation was minus 3. Following the injection of 
250 cc. of air it was neutral, and followed by the usual decline in cough and 
expectoration. Six days later the patient had several persistent uncontrol- 
lable sneezing spells as had been the case on several previous occasions, in the 
course of which pain in left side developed, with considerable respiratory dis- 
tress which increased next morning. The patient became restless and decid- 
edly more ill with a sharp rise of temperature. Physical examination re- 
vealed absence of pleuritic rub or fluid, and only the usual pneumothorax, 
with the heart border considerably further than usual to the right. A diag- 
nosis of spontaneous pneumothorax was made, on account of the clinical and 
physical signs. It was not complete, on account of upper lobe adhesions. 
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X-ray studies at the time were not available. Symptoms continuing with- 
out abatement for four days, on January 14, an exploratory chest puncture 
was performed with the idea that by this time the spontaneous pneumothorax 
opening had had time to close. Intrathoracic pressure, averaging plus 23, 
was immediately obtained, which was quite a difference from the usual which 
had never been over neutral. Two hundred cubic centimeters of air was im- 
mediately withdrawn, resulting in a manometer reading of minus 3. Respira- 
tory and other distressing symptoms were at once relieved, the temperature 
also falling at once. The original pneumothorax opening remained closed, 
as was shown by an intrathoracic pressure of minus 1 five days later, which 
was changed to plus 1 by 75 cc. of air, probably 6n account of fluid, insuf- 
ficient for clinical detection. Nine days later 280 cc. of air changed the pres- 
sure reading from minus 5 to plus 1. The subsequent history of the case to 
date reveals no further interest in this connection. 

Case 2. R. B., Base Hospital, Ft. Sam Houston, no. 78007. Diagnosis: 
Pulmonary tuberculosis, involving all lobes both lungs. Acute pneumonia in 
type upper lobe, right lung. Confirmed by laboratory and radiographic 
studies. Extremely sick case. Left artificial pneumothorax was easily in- 
duced on April 21, 1919, 600 cc. of air being given. This unusually high 
amount was given on account of the desperate nature of the case and to se- 
cure immediate compression if possible. Previous treatment, intravenous 
glucose solutions. Immediate results good, with considerable drop in temper- 
ature and amelioration of clinical symptoms. On April 26, five days later, 
the temperature. suddenly rose to 104° with considerable pain in right chest, 
shortness of breath and moderate cutaneous emphysema. The heart was 
noted considerably further dislocated to the left than was previously the 
case. A diagnosis was made of spontaneous pneumothorax complicating in- 
duced pneumothorax, and this was confirmed by the X-ray. For three 
weeks thereafter, this case hovered between life and death, as is the rule in 
these spontaneous pneumothorax cases. Operative interference was deemed 
inadvisable. Then the temperature dropped by lysis to normal in the next 
few weeks with complete diasppearance of cough and expectoration, subsequent 
to the development of the effusion that followed. There was no clinical indi- 
cation at any time for the removal of this effusion. However, to the intense 
disappointment of all of us coming into contact with this case which had 
promised such a remarkable recovery, a hemolytic streptococcus pharyngitis 
ensued, following four weeks of normal temperature. After a persistence of 
fever for several days paracentesis revealed a similarly infected chest exudate, 
which ultimately terminated fatally in spite of rib resection and temporary 
improvement. The spontaneous pneumothorax in this case, in my opinion, 
was due to the giving away of pulmonary interstitial tissue at the insertion 
of a long narrow tongue like fibrous adhesion situated close to the apex. 
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Case 3. N. K., Base Hospital, Ft. Sam Houston, no. 82551. Very sick 
case with large spontaneous pneumothorax, cavity occupying upper quarter 
left chest, with extensive disease extending into base, and apparently pneu- 
monic in type. Sputum positive. Intrathoracic diagnosis also confirmed 
radiographically. As a last resort, artificial pneumothorax was performed 
with the idea of compressing the lower lobe. On August 5, 1919, three days 
after admission, 300 cc. was easily introduced, resulting in a slight negative 
pressure reading, the operating needle obviously missing the spontaneous 
pneumothorax cavity. A few hours later, respiratory distress became acute, 
considerable cutaneous emphysema, previously absent, developed, and the 
heart was noticed much further to the right than at the close of the induced 
pneumothorax. The X-ray revealed two pneumothorax cavities in the same 
chest, apparently not communicating, but actually probably so. There was 
first, the original unchanged old spontaneous pneumothorax and below this 
a huge pneumothorax w:th mediastinal displacement out of all proportion 
to the amount of air introduced. Attempts to remove the air revealed a 
valvular spontaneous pneumothorax (manometer pressure readings could be 
changed during the operation); but cardiac percussion a few hours later invar- 
iably revealed displacement at least 2 inches greater than at the close of any 
operative procedure. Pyothorax developed with early fatal outcome. 

Case 4. Miss B., age twenty-five. Seen January, 1915. Owing to the 
fact that many of my records have been misplaced, I am able to give only 
such meagre details of this case as are shown by the temperature record. 
This was a typical septic type of tuberculosis with very wide temperature 
remissions. On February 18 this young woman developed a complete spon- 
taneous pneumothorax with the usual shock and subsequent symptoms, in- 
cluding cutaneous emphysema, followed by a rather considerable temporary 
improvement. Cutaneous and intrathoracic air seeming to absorb rapidly 
and upon unfavorable clinical symptoms returning, I decided to increase the 
amount of air in the chest. On March 7, 1915, 250 cc. were given. For three 
days thereafter, the temperature remained a little lower with some clinical 
improvement; but on March 10, following cough, she developed sudden pain 
in the chest with extreme respiratory distress and collapse. Cardiac displace- 
ment was made out, and this increased with a return of marked cutaneous 
emphysema heretofore absent following operation. X-ray study unavailable. 
‘The subsequent temperature in this case reached 105°. The patient ultimately 
developed an effusion. Her temperature dropped gradually by lysis. She 
improved sufficiently to permit of her returning to work for several years; 
but died ultimately of tuberculosis about two months ago. 


If there is any lesson to be learned at all from a study of these cases, 
it is, first of all, merely a confirmation of what is now well known, 
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namely, that 600 cc. of air is much too large an injection for an initial 
dosage, and in the cases of previous spontaneous pneumothorax,—if 
operated on at all,—250 to 300 cc., as was given, is also far too large an 
initial dosage if we take into consideration the fact that we have at 
our command only a fraction of the original thoracic cavity to hold our 
injected air or gas. Secondly, following a spontaneous pneumothorax, 
immediate attempt to relieve the intrathoracic pressure, as was done in 
case 3, is not nearly as advisable as waiting a few days if possible, as was 
done in case 1, in order to give the spontaneous tear a chance to close, 
and keeping the case under these circumstances a closed rather than an 
open pneumothorax with subsequent almost certain infection and hope- 
less prognosis. 

For the avoidance of spontaneous following artificial pneumothorax, 
in addition to the avoidance of all but minimum initial inflations of not 
over 300 cc., some assistance in this connection undoubtedly can be 
secured by the use of heroin or codein to allay the irritating cough that 
is at times induced. 
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ON PERSONAL EXPERIENCE 


AND THE VALUE OF A MEDICAL SOCIETY TO ITS MEMBERS! 
LAWRASON BROWN 


There is a tide in the affairs of men, whether banded together for the 
pursuit of politics, of government, or indeed of medical science, which 
taken at the flood leads to success: abandoned, all the voyage of life is 
bound in failure and in petty conceits, if I may so express it. 

The success of a medical society depends upon many and varying 
factors. The first and foremost, to my mind, is whether the society has 
originated for the immediate benefit of its founders and for them alone. 
Such a society may wield a great, but rarely any lasting, influence, and 
dies with the decease of its charter members. Such organizations are 
hardly ever national in scope, and for us to-day need but passing mention. 

Vision, in a broad sense, is not a common attribute of man. It makes 
a statesman out of the politician; an intrepid investigator, or even a 
genius, out of the medical worker. ‘The medical society whose direc- 
tors possess vision is a society planned on other lines certainly than the 
one I have mentioned. I am in no position, I do not possess the quali- 
fications, to describe to you the ideal medical society. I do want, how- 
ever, in this address to you, to make a few suggestions which may or 
may not meet with your approval and which you may or may not wish 
to consider and weigh. 

The first and foremost function of any medical society, as I see it, is 
to bring together medical workers. When a man works alone, thinks 
alone, plans alone, he devises at times ingenious contrivances, invents 
occasionally wonderful mechanisms, makes now and then significant 
medical discoveries; and then fails, through his aloofness, to be able to 
force upon his fellow workers the real value of his contributions. 


Look at one of your lonely, industrious fellows for a moment, I beseech you. 
He sows hurry and reaps indigestion; he puts a vast deal of activity out to 
interest, and receives a large measure of nervous derangement in return. 


1 Presidential address delivered at the annual meeting of the American Climatological 
and Clinical Association, Philadelphia, June 17, 1920. 
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Either he absents himself entirely from all fellowship, and lives a recluse in 
a garret, with carpet slippers and a leaden ink-pot, or he comes among people 
swiftly and bitterly, in a contraction of his whole nervous system, to dis- 
charge some temper before he returns to work. I do not care how much or 
how well he works, this fellow is an evil feature in otherpeople’s lives. They 
would be happier if he were dead. . . . . He poisons life at the well- 
head. 


The failure of many wonderful medical discoveries to be properly 
recognized, when first announced, can often be traced to some such trait 
as I have mentioned. Recall for instance, Auenbrugger and percussion, 
Mendel and heredity, Beaumont and digestion, Long and anaesthesia, 
or Lower and Mayow and oxygenation of the blood. 

Free intercourse then among medical workers is essential to the develop- 
ment of our investigators’ highest qualities, and aids the physician in his 
progress toward the highest medical attainments. The medical society 
of to-day is usually composed of men interested in more or less similar 
lines, in more or less closely allied medical problems. In recent times 
we have heard much of the group study of patients. A medical society 
should function along somewhat similar lines. Each of us may present 
a contribution which we hope adds something to medical knowledge, 
and if we are not overworked; overwrought, we welcome friendly crit- 
icism. I must acknowledge that it is rather trying even then to have a 
fellow member rise to ask us blandly a question, of which the significance 
may not at once dawn upon us, but which leads us to ponder over our 
thoughtlessness in overlooking an essential side of the question, which 
may weaken or even negate our thesis. We deserve the humiliation; and, 
taken in the right spirit, it enables us to rise on our own errors. 

Another very important function of all medical societies is the familiar 
intercourse they facilitate and engender among their members. During 
the course of the year many problems have arisen; and here is a clearing 
house for half-baked ideas and problems. Here too we can meet au- 
thorities who can solve many of our difficulties out-of-hand. Who has 
not formulated opinions in these very valuable moments of intimate 
discussion, opinions which really astonish himself after he has uttered 
them? I am not sure but that it would be a wise thing if we could 
have more informal discussion when the younger men could ply with 
questions their older fellow-members. Some scheme would have to be 
devised by which exclusive cliques could be avoided, for such a disease 
saps the energy of the most vigorous society. 
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Social intercourse among physicians is a melting pot in which much 
dross of imagined personal slight is consumed by the rapid fire of pleas- 
antries or by frank explanation in a few simple.words. Here again in- 
formality is invaluable. “Dr. Smith,” we say, “is not quite the bad 
and impossible fellow we thought him;” and then after a moment add a 
cubit to our own growth by continuing, “He has greatly improved.” 
Others may see that we have outgrown Smith in improvement. 

I have spoken of vision and of the growth of medical societies; and now 
a word upon their propagation or, if you will, their self-perpetuation. 
To me the vital points in this regard appear to be first, the proper selection 
of new members; second, their proper cultivation; third, the graceful 
retirement, into a group, of emeritus members, whose privileges would 
be little curtailed, but whose dues might be greatly mitigated,—of those 
who have borne the heat of the fray for years, who might like still to be 
in it, but less actively of it. 

The proper selection of new members devolves, of course, upon the 
active members. It seems to me that the fact, while of paramount im- 
portance, that a proposed member has written much, has contributed 
many articles to medical literature, is not enough to recommend him to 
our society. He must still possess the spirit which forces him to think, 
to try, and possibly to write. He must possess, as well, a pleasing per- 
sonality; but charm of manner alone should not open the door of the 
society to him. Personally I do not believe in associate membership. 
I rather incline to the view that every applicant for membership, who 
receives the endorsement of the council, should be invited to meet with 
us, to present to us a paper, and during that meeting be treated as a 
member in every respect save in voting. We could then make up our 
minds about him and he about us. At the next meeting he could be 
elected to full membership if the society chose, and he of course could 
elect to accept or reject the membership proffered him. In the past we 
have unfortunately elected as members a few men who have never 
evinced any desire for association with us, and who probably would :be 
greatly relieved to be freed from paying dues to a society they never 
intend to attend. Such membership is a weakness to any society and 
our rules should be stringently. applied to members who have never 
attended but one meeting or, indeed, who have never put in a single 
appearance. I care little who they are: their membership means 
nothing to them and only injury to us. 
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As I grow older I feel a compelling force driving me to associate more 
closely with the younger medical men. Before them stretches the great 
future. My own horizon I see narrowing every day. They have the 
enthusiasm of youth, the dauntlessness of ignorance; we, the gray heads, 
hesitate to step where they rush in,—at times to win. I incline to keep 
our membership leavened with youth. We may choose the wrong man; 
but, if he has reached his fourth or fifth year after graduation, his friends 
can rather easily estimate his abilities and we can check them up for 
ourselves. I do not mean that men over forty should not be elected to 
our society, but I do maintain that they should be as carefully scruti- 
nized as our younger members, to see that they do not suffer from early 
ossification of the gray matter. 

If we elect a young man I do not feel that our duty to him as a society 
ends there. He may need encouragement. Let the president invite 
him to read a paper, and, if necessary, even suggest a topic. The older 
men should bear in mind how much the tyro appreciates a word of 
commendation; but do not let us be either stingy with our approbation 
or fulsome with our praise. Nor should we omit just criticism, but it 
must always be sent forth on shock absorbers. 

The suggestion for an active-inactive group of members largely de- 
pends upon the view that a dilution of young blood, a transfusion, so to 
speak, of new blood, is necessary to carry on successfully the life pro- 
cesses of the society. By such a means the older members would be 
present with advice, counsel and contributions, and the younger men 
would reap the benefit and be called upon to fill the program. I would 
not relegate any group which I soon must join to innocuous desuetude, 
nor subject them to the lethal practices of the despenadora of the 
Aymaras. 

The value of any society to its members can be roughly gauged. by a 
study of the discussion of the papers brought before it. In many socie- 
ties the discussions are what we might call very “‘loose.” They deal too 
much in generalities, too little with the actual experience of its members; 
and I am tempted to conclude my remarks to you with a few words on 
“personal experience” in medicine. 


Since the time when man evolved through one or more unknown types 
from the lower animals, personal experience has been a factor of para- 
mount importance to the race. Its value is greatly enhanced for man on 
account of the long period of immaturity through which each individual 
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must pass. This period is one of great receptivity, one during 
which the personal experience of our forefathers is indelibly impressed 
upon our body and our mind. History is but the personal experience 
of great leaders of men in their relation to their followers and opponents. 
Biography, the most stimulating and suggestive of all forms of literature, 
especially for younger persons, who strange to say, often systematically 
neglect it, is the personal experience of an individual in regard to life in 
general. I could multiply these examples and enlarge upon them many 
times, but what I would like to make clear is that none of us is free from 
or can escape “‘personal experience.”’ In fact, through the long years of 
childhood ‘personal experience” of our parents, of our teachers, of our 
associates, is made part of our own personal experience; and thus is formed 
that individual quality known as character. I am sure that all of you 
will agree with me in regard to this great value of personal experience in 
our daily lives. But now, since it is so important for us, it should be 
most carefully guarded. The individual upon whose personal experi- 
ence we depend must be known to us. We must not believe that a sour- 
visaged, quarrelsome churl will have the same personal experience as a 
gay, light-hearted, pleasure-seeking, frivolous troubadour. ‘‘Laugh and 
the world laughs with you,—weep and you weep alone.” It is here that 
we often go astray and pitch upon and hold up as our model some one 
whom the collected personal experience of many has shown to be askew. 
I have said enough, I hope, to have you grant me the value of personal 
experience and the danger at least of one fallacy that may lie concealed 
in it. 

Personal experience in medicine is the stepping stone to success for 
most physicians. Few have that quality of mind that enables them to 
collate the personal experience of many men and so to clothe it, in words 
of their own, that to most of us it appears as the personal experience 
of the writer. This is a valuable gift and while not of the highest order 
is yet of great service to all of us. 

Let us pause for a few minutes to consider what personal experience 
in medicine consists of. We no sooner revolve the phrase in our minds 
than the old timeworn aphorism of Hippocrates recurs to us: Experience 
is fallacious and judgment difficult. There is no one who will deny this 
but to acknowledge it and supinely to fold our hands is, I hold, a true 
attribute of agnosticism, which leads us nowhere. 

You have, no doubt, many times been struck with that peculiar logic 
that the lay mind applies to things medical in seeking a cause for every 
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effect. This is peculiarly appreciated when, after carrying a patient 
through a protracted illness, we are discharged on the eve of recovery; 
and to some simple medicament given by our successor, often without 
the slightest effect, is attributed the recovery, which we knew would in 
due time occur. The profession in general, however, is prone to fall into 
similar fallacies and nowhere do we see this more than in the effects at- 
tributed to many and varied drugs. Who can deny that at some time 
in his career he has attributed to some remedy effects thata wider and 
more extended experience forced him to acknowledge were not present? 
In no disease is this fallacy more often exhibited than in pulmonary 
tuberculosis, a long, tedious, chronic disease, where many of us would 
often like to join in the wish of the husband of one of Doctor Trudeau’s 
patients, who said that he wished his wife would get well or do something. 
The long list of drugs that have been warmly advocated by the discov- 
erers of their value in pulmonary tuberculosis and their subsequent 
failure in the hands of many unbiased observers are proof sufficient. I 
do not impeach the honesty of these men, for at times I must confess a 
close kinship to them; but the results, I believe, are to be attributed to 
suggestion, that most potent factor in all drugs, which explains the won- 
derful results of some observers and their failure when all suggestion is 
eliminated. Here the personal experience of one man is not sufficient 
and we must not allow ourselves to follow any individyal blindly. 
Another fallacy inherent in personal experience is the fact that we 
see only what we look for, and for years we may entirely pass by some 
important data. A single example will suffice to make this point clear. 
Until Reginald Fitz, not so many years ago, wrote so clearly and forcibly 
upon the symptoms of appendicitis and of pancreatitis they had escaped 
our attention. Consequently we must also know the physician and his 
fitness for observation before we can fully accept his personal experience. 
Another fallacy lies in the fact that personal experience too often rests 
upon memory. I have long looked upon memory as an attribute neces- 
ary to greatness in the medical profession, but more recently I have 
been struck with the fact that originality and a tenacious’ memory are 
not often associated in the same individual. The very fact that an in- 
vestigator at every turn recalls what A or B has done seems to have an 
inhibiting effect upon research. However this may be, the average indi- 
vidual has none too strong a memory and I cannot but believe that many 
slurs cast upon the medical profession or its wide divergence of views is 
due to the fact that the personal experience of the various opponents in 
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many controversies is based upon their memory of their observations. I 
do not want to be misunderstood and hasten to say that no one respects 
and admires memory more than I do, for I sorrow in a poor one; but I 
do affirm and stoutly maintain that, however defective your memory 
may be, your personal experience, if carefully noted in your case reports, 
has a thousand times more value than the personal experience of an 
equally good observer who makes no notes or does as some men have 
recently done. These men, very careful observers, have made numerous 
notes but in some of their articles have failed entirely to refer to any of 
. these notes. Such work, hasty though it has to be, is in my opinion 
inexplainable. I am quarreling with no man who through sheer lack of 
time and rush of work makes no notes and, as long as he recognizes that 
his personal experience is based upon impressions and so states the case, 
I value his impressions; but only as impressions. 

But personal impressions indeed are based upon statistics, statistics 
of the “failing memory,” which I shall mention. Your personal im- 
pressions, you say, lead you to believe one or another symptom is com- 
mon. If you analyze the mental process by which you have reached this 
conclusion you will not infrequently see that you have in mind all or a 
part of the cases you have seen, about whose exact number you are uncer- 
tain. Of this uncertain number a more indefinite proportion has exhib- 
ited the foregoing symptom and so you arrive at your personal impression, 
which you must acknowledge is in reality based upon faulty statistics. 

You may reply to me that most medical authorities write in this way. 
I grant you many do, but I am much mistaken if most of their solid 
facts are not based upon accurately computed observations of many 
privates in the regiments of physic. 

In no department of medicine do we find such a tremendous strain 
placed upon failing memory as in the records of clinical observations. I 
say failing advisedly, for whose memory of 1000 cases is as fresh for cases 
1 to 100 as for cases 901 to 1000? The last 100 cases outweigh in our 
memory the first 500. On several occasions I have had to revise a manu- 
script in which I had made from memory certain statements which my 
real personal experience proved to be entirely untrue. 

Have you ever thought what effect some such statement as the fol- 
lowing would have upon you? Dr. X reported his experiments upon 
guinea pigs and rabbits extending over many years. He said his per- 
sonal experience in these experiments led him to believe that the various 
drugs mentioned had markedly beneficial effects upon the infections 
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with which the animals had been inoculated. Dr. Y asked Dr. X how 
many rabbits and how many guinea pigs he had used, with what micro- 
organisms he had infected them, how many showed the symptoms he 
had described as classical and what led him to believe that the drugs used 
had exerted the beneficial influence he attributed to them, when it was 
well known that many of the infections in these small animals often 
terminated in spontaneous cure? To these questions Dr. X replied as 
follows: He thought Dr. Y’s questions very pertinent. He had always 
had a good memory and trusted to that rather than to a careful perusal 
of his notes, which were very voluminous and hard reading. As he 
remembered, he had used several thousand animals, but regretted that 
he could remember neither what dose of each organism he had used nor 
how many animals he had inoculated with the different bacteria. He 
attributed recovery to the drugs he used for the reason that the animals 
seemed to recover more quickly although he could give neither the 
average time for recovery nor the exact number that recovered. Such 
a report would be greeted with the scorn and derision that it deserved. 
Yet how many of us when dealing with clinical observations do not fol- 
low such lines? I am afraid we are all too prone to do it. 

Before leaving this section of my paper I must pay tribute, in one par- 
ticular at least, to memory. I refer to diagnosis. Here memory is of 
great avail. The impression of a mistake in diagnosis long rankles in 
our breasts and really makes a book for our mistakes unnecessary for 
some of us. The cases of great rarity are also ineffaceable and these 
together with our impressons of our personal experience are our trusty 
and tried servants in the art of diagnosis. 

None of you will contradict me when I say that statistics are very dry 
but some of you may dispute me when I say that only by statistics does 
the world, lay or medical, advance. Consider what knowledge is and 
you will see how inseparable it is from statistics. Medicine is no exact 
science, and diagnosis rests largely upon the law of probability which in 
turn is statistical. All scientific experiments are statistical arguments in 
favor of or in opposition to certain inductions or deductions. Further 
statistics lend the authority that is necessary for their acceptance. 

The trouble in medicine does not lie with the statistical method but 
with the medical men who do not know how to use it. I regret to state 
that I belong to this class and have felt keenly that in medical school 
I did not have an opportunity to attend a course on medical statistics. 
The day will come, gentlemen, when such courses will be given, when 
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the law of probability will help in diagnosis, when the coefficient of co- 
relation, now explained by most authorities in such terms that in a few 
minutes my idea of my relation to my surroundings has become totally 
insufficient,—when, I say, all these things will be understood by the 
medical graduate. At that time medical men will cease to do such fool- 
ish things with statistics as to try to add cabbages and cows or, what is 
nearly as bad, to try to solve problems in heredity by finding how many 
parents had the disease from which the offspring suffers without due re- 
spect to many other very important and possibly contradictory details. 
What would you think of a bookkeeper who after years of personal ex- 
perience would gather up the bills in the cash drawer and go to the 
bank with the statement that his personal experience led him to believe 
that the roll of bills amounts to $1000. The receiving teller would 
quickly apply the statistical method and few would venture to side with 
the bookkeeper, no matter how large his experience had been. 

Do not misunderstand me. This is not an argument in favor of dry 
statistical articles which we all:prefer to avoid reading. But if I can 
make you see how important it is for us to cease using the pet phrase 
“‘my personal experience” except when we have sufficient data to sup- 
port it, I shall have accomplished what I had hoped for. 

From these premises I should like finally to draw the following con- 
clusions: 

1. Our fitness alone renders our observations of value. By fitness I 
mean honesty, carefulness, and willingness to record our observations, 
no matter how many cherished theories they overthrow. 

2. A few carefully observed and recorded cases greatly outweigh a 
large number of cases stored in a memory, however tenacious. 

3. Personal experience should be based upon carefully studied sta- 
tistics of personal observation and not upon personal impressions, which 
often cover all lack of recorded observation and, in my opinion, avail 
only for diagnosis. 

4, We should not use the phrase “personal experience” as a cloak to 
cover our ignorance of our real personal experience. 


THE INFLUENCE OF SMALLPOX AND VACCINATION ON 
PULMONARY TUBERCULOSIS 


HORACE JOHN HOWK anv WILLIAM E. LAWSON 
Mt. McGregor, New York 


This report is a record of an epidemic of smallpox occurring in the 
Metropolitan Life Insurance Company Sanatorium in the autumn of 
1914. Time has purposely been allowed to intervene between the epi- 
demic and the writing of a formal record of it in order that our observa- 
tions might show, not alone the immediate effects, but some of the more 
remote influences of smallpox on pulmonary tuberculosis as well. 

Happily, or unhappily, as one chooses, there have been few similar 
experiences reported in any available literature, nor is more than brief 
mention made in any of the writings on exanthematous diseases of the 
possible or probable effect that smallpox may have on clinical tubercu- 


losis, although the literature is quite replete with reports of certain other 
concurrent complications of pulmonary tuberculosis. 


On October 15, 1914, a patient coming from Alabama was admitted to the 
sanatorium with tuberculosis, bacilli having been demonstrated in the sputum. 
Our initial examination confirmed this diagnosis and placed his disease in the 
moderately advanced class. A history of recent severe chills and fever, and 
his residence in a country in which malaria is prevalent, led to repeated exam- 
inations of the blood, in which tertian parasites were found. The established 
routine was followed of placing the patient in a single room for observation 
and diagnosis. He was allowed to go to the bath room, since his tempera- 
ture remained below 99.2° (rectal) and his pulse within normal limits. His 
observation period was entirely uneventful and on October 28 (the thirteenth 
day after admission) he was transferred to a ward with several other male 
patients. On the evening of October 29 his temperature reached 100° and at 
midnight 104.2.° . The fever was preceded by a hard chill and immediately 
followed by nausea, vomiting, looseness of the bowels, and lumbar backache. 
The temperature (see chart) quickly dropped to 100.2° during the early 
morning of the thirtieth and promptly rose again to above 103° and remained 
at about that level for two days, then falling gradually to subnormal, where 
it continued until a secondary rise began on November 7. To add to the 
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confusion during the first three days of fever malaria parasites were persistent 
in the blood, thus giving in one individual three fever-producing diseases, 
any one of which might be responsible for his acute illness. Quinine medica- 
tion was given following the initial rise in temperature. The diarrhoea 
increased to eight liquid movements on November 1, but decreased steadily 
thereafter. On the morning of November 1 a distinct and characteristic 
rash had appeared on the forehead, face and forearms, which by November 6 
had spread over the extremities and trunk in a characteristic way and was 
becoming pustular. The patient was again isolated immediately with the 
onset of the initial fever and remained in isolation throughout the remaining 
course of his disease. He had a moderately severe discrete smallpox with 
good recovery and returned to the sanatorium from the Saratoga Springs 
Isolation Hospital, which was kindly lent to us, on December 17. He had 
never been vaccinated, although he lived in a community in which smallpox 
was practically endemic among the mill workers. . 

Upon the full recognition of the nature of the infection all known contacts 
were vaccinated. But exposure had already occurred, resulting in the devel- 
opment of six other cases among the tuberculous patients. 

C. E., came to Mt. McGregor November 4, 1914, with moderately ad- 
vanced pulmonary tuberculosis. His treatment was uneventful until Novem- 
ber 15 when his temperature began to rise, reaching 102.2° on the sixteenth 
(with headache, vomiting and backache), followed by the typical drop seen 
in mild cases, to be succeeded by a secondary rise with the development of 
pustules. He was treated in the isolation hospital and returned December 
29. This patient reports having been vaccinated in 1898, in 1904 and again 
in 1909. He stated that all three vaccinations were successful but we found 
no scars resulting therefrom. 

S. R., entered the sanatorium on November 2, 1914, with incipient pul- 
monary tuberculosis, and was progressing normally until November 19, 
when he complained of headache, lumbar backache, nausea and vomiting. 
His temperature reached 102.6° on the nineteenth, going to 103.8° on the 
twentieth, followed on the twenty-second by a rash on forehead and back. 
He was removed to the isolation hospital where he ran a mild discrete coufse 
of smallpox with characteristic eruption and fever. This patient had never 
been vaccinated. 

W. E. B., entered the sanatorium May 25, 1914, with moderately advanced 
pulmonary tuberculosis. He developed sudden fever, vomiting, diarrhoea 
and lumbar backache on November 19, 1914. The rash followed on the 
twenty-third. He remained in the isolation hospital until December 24. 
His disease was of the discrete type and moderately severe. He reported a 
successful vaccination in childhood and had a small scar on his left arm. 
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B. B., with moderately advanced pulmonary tuberculosis, had chills, 
nausea, vomiting, headache and backache on November 18, a rising tempera- 
ture on November 19 reaching 104.6° on the twentieth. At noon of the 
twenty-second a rash appeared over her entire body, followed by a drop in 
temperature, and on the eighth day by a development of pustulesand secondary 
rise in temperature. She was removed to the isolation hospital November 
24 and returned, recovered, December 24, 1914. 

This patient had been in the sanatorium more than eight months when 
she contracted smallpox. She was acutely ill on admission and was confined 
constantly to bed during the first few weeks, after which, for a month, she 
was able to sit up while her bed was made. She again became continuously 
ill and for six months prior to the epidemic had not been out of her bed once. 
Much doubt was expressed as to whether she could stand the ambulance trip 
to the isolation hospital. She had never been vaccinated. 

F. B., having moderately advanced pulmonary tuberculosis, on November 
20, 1914, complained of severe chills, headache and backache. His tempera- 
ture reached 103.8° on the twentieth and ranged from 102° to 105° until the 
twenty-second, when it dropped to 100.6° with the appearance of the rash on 
forehead and forearms, and continued slightly above normal until the devel- 
opment of the pustules. His smallpox was of the mild discrete form. He 
had had his last successful vaccination when four years old but had no scar. 

W. G. B., with incipient pulmonary tuberculosis, on November 23 had a 
severe chill followed by headache and backache. His temperature rose to 
103.2°. On the twenty-fifth it reached 105.2° and subsided to normal on the 
twenty-sixth with the appearance of rash on forehead, arms, body and legs 
on the same day. He was promptly isolated and ran a severe course of small- 
pox. He had never been vaccinated. Dr. Towne, who cared for these 
patients while they were isolated, reported that some of the lesions in this 
case became confluent. 


TUBERCULOSIS AS AFFECTED BY SMALLPOX 


There were seven cases of pulmonary tuberculosis which contracted 
smallpox, all of which recovered. In one case there was a moderately 
severe bronchitis following the onset of smallpox. There was no develop- 
ment of pneumonia in any case. The smallpox was of a mild form in six 
cases, severe in one, and its course was apparently unaffected by the 
presence of tuberculosis. The one outstanding feature of the tuberculo- 
sis following smallpox was the marked diminution of expectoration in 
two advanced, active cases. The effect was more striking than anything 
we have witnessed in tuberculosis, except the reduction following arti- 
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ficial pneumothorax. In one case (no. 56) there has never been any re- 
turn of sputum or bacilli, although she had extensive basal lesions. In 
the other the sputum and bacilli were absent for four months. 

In two other moderately advanced cases the diminution of sputum 
was quite definite after smallpox and in one bacilli disappeared from the 
sputum. There was no evident change in the other case. The three 
remaining cases were not definitely active in our judgment. They were 
progressing favorably when they contracted smallpox and continued con- 
valescence without interruption. Their progress seemed neither faster 
now slower than other similar cases who escaped smallpox. 

The preceding table opposite shows in detail the changes noted in 
tuberculosis as affected by smallpox. 


VACCINATION 


Three of the seven cases of smallpox lived in the same ward with the 
patient who brought the original infection. None of them had ever been 
successfully vaccinated and two had never been vaccinated. Two other 
smallpox cases were in separate rooms but used the bath room with the 
original case. One had been unsuccessfully vaccinated before; the other 
had a small scar from childhood vaccination. The seventh case had 
been so isolated in a single room because of her acute tuberculosis 
that we are unable to account for the infection. She had never been 
vaccinated. 

Of the other eight occupying the ward, none of whom contracted small- 
pox, seven had good vaccination scars from ten to thirty years old. 
There is no record of previous vaccination in the other case. 

Vaccination was made of all patients and employees of the sanatorium 
upon recognition of the nature of the infection, and for several subse- 
quent months all newly admitted cases which did not show a good scar 
were vaccinated. Vaccine was obtained from the State Department of 
Health and the operation made by means of incision in the skin over the 
insertion of the deltoid muscle. 

Ambulant patients were advised to remain quiet during the incuba- 
tion period and observations were made of the vesicles to determine that 
reactions were characteristic. 

Altogether 178 patients in all stages of tuberculosis were vaccinated, 
143 of which took successfully and 45 (25 per cent) had general reactions, 
characterized by fever, prostration, nausea, vomiting, diarrhoea and back- 
ache. Twenty-eight per cent of the general reactions were quite severe, 
with fever of 105° or over. 
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There was no demonstrable relation between the severity of the reac- 
tion and the extent or activity of the tuberculosis; neither condition 
seemed to be affected by the other. By comparison with the vaccinia of 
healthy employees who were vaccinated at the same time, there were no 
differences that we could appreciate. Vaccinations were repeated in 
unsuccessful cases. 

The following table shows the number of cases vaccinated in the dif- 
ferent stages of tuberculosis, the number of reactions, and ‘the number in 
whom there was an increase in extent or activity of the tuberculosis 
following vaccination. 


EFFECT OF VACCINATION COURSE OF DISEASE—IMMEDIATE 


36 unchanged (5 severe 
vaccinia) 
2 increased 


38 successful (5 
severe vaccinia) 

49 incipient 

10 unchanged 
1 increased 


11 unsuccessful 


vaccinia) 
5 increased (2 severe vac- 
cinia) 


90 successful (33 
severe vaccinia) 

178 tuberculous 111 moderately 

cases vaccinated advanced 


21 unsuccessful 7 unchanged 
increased 
4 unchanged (4 severe 
vaccinia) 
11 increased (3 severe vac- 
cinia) 


15 successful (7 
severe vaccinia) 


| 85 unchanged (31 severe 


18 far advanced 


unchanged 
2 increased 


3 unsuccessful 


Note: Severe reactions were in all instances typical vaccinias, characterized by fever, 
head and backache, nausea, diarrhoea, etc. 


CONCLUSIONS 


1. Smallpox, occurring in patients with pulmonary tuberculosis, runs 
a course not noticeably different from that encountered in well people. 
The symptomatology, appearances of exanthem, and duration of the 
smallpox, are not influenced by the presence of tuberculosis. 
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2. In early, inactive cases of tuberculosis with favorable prognosis 
there is no apparent interruption of recovery when complicated by 
smallpox. 

3. In one active advanced case there was a disappearance of sputum 
and bacilli after smallpox, lasting for four months. 

4. In one very active advanced case there was a permanent disappear- 
ance of sputum and bacilli immediately after the smallpox. The disease 
was progressive up to the time of smallpox and retrogressive thereafter. 

5. The seven recovered from smallpox and six are alive and well at 
present. 

6. The presence of tuberculosis does not affect the normal course of 
vaccinia. Tuberculosis in any stage or any degree of activity was not 
affected by vaccination, either favorably or unfavorably. 


We would express grateful appreciation to the State Department of Health for their 
timely assistance at the time of the epidemic, and to Dr. G. Scott Towne for his painstaking 
care of the patients during their smallpox. 


DETAILED RECORDS OF SEVEN CASES OF TUBERCULOSIS COMPLICATED 
BY SMALLPOX 


C. C. R. Case no. 118. Age twenty-nine. Earliest definite history of tuberculosis, 
1908. 
Examination, October 17, 1914: Right lung, moderate dulness above clavicle; impaired 
resonance from clavicle to 2nd i. c. s.; m. c. rales heard throughout this area. Posteriorly: 
Moderate dulness to 4th v. s. with numerous m. c. rales. Left lung, impaired resonance to 
first rib with f. c. rales. 

X-ray: Right, moderately dense shadow composed of interweaving bands and strings 
extending out from hilum, filling circle of first rib and 1st and 2nd interspaces. Left, definite 
shadow in circle of first rib composed of interweaving bands. 

Complication, malarial fever. 

Sputum October 31, 1914, positive Gaffky vii; 25 grams per day. With onset of 
smallpox, October 29, 1914, there was a moderate increase in expectoration, accompanied 
bybronchitis, maximum sputum reaching 60 grams on November 6. Upon return of the 
patient from isolation hospital the sputum averaged 5 grams for one month and then 
disappeared until June, 1915, when he had from a scant expectoration to 15 grams daily. 
Bacilli were never demonstrable after the smallpox. 

Physical examinations made immediately after recovery from smallpox demonstrated 
practically the same signs as before. There was no apparent extension of the tuberculosis. 

Patient was discharged May 10, 1916, with his disease quiescent. Fine rdles were 
demonstrable at the apex of the right lung anteriorly and posteriorly. 

Patient readmitted to sanatorium May 27, 1918, complaining of cough, which had 
started in December, 1917, followed by expectoration, chills and fever, and loss of weight. 
He had lost 33 pounds since leaving the sanatorium. 

Examination May 30, 1918: Right lung showed moderate density down to 4th rib, and 
less marked density throughout remainder of lung; numerous m. c. rales throughout this 
area. Posteriorly: Practically same as front. Left lung, definite impairment of resonance 
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to lower border of 3rd rib, with numerous m. c. rales throughout this area. Posteriorly: 
Resonance impaired over upper lobe without rales. 

X-ray, diffuse mottled shadows throughout entire lung, increasing in density to apex. 
Left, stringy beaded shadows in circle and first interspace, and mottled shadows in 2nd 
interspace. 

There was a marked extension of his tuberculosis in both lungs and it was very active. 

Sputum positive, Gaffky v; weight 5 to 20 grams daily. 

Malaria demonstrable in blood; had chills and fever in August, 1918. 

Pleural effusion April, 1919 (1). 

Present condition: Patient about to be discharged from sanatorium with disease quies- 
cent. Has gained 49 pounds; sputum negative since September, 1918. 


C. E. Case no. 124. Age twenty-seven. Earliest definite history of tuberculosis, one 
year before admission. 

Present illness began in January, 1914, with cough and expectoration; no record of cold 
or grippe; had blood in sputum in May, 1914; languor marked; marked loss of weight and 
strength; fever and night sweats in December, 1913. “Pneumonia” at ten. 

Examination November 13, 1914: Right, impaired resonance at apex with f. c. rales down 
to 2nd v. s.; definite friction rub at base. Left, impaired resonance to 2nd rib with m. c. 
rales above and below clavicle. Posteriorly: f. c. rales to 2nd v. s.; friction rub at base 
anteriorly. 

X-ray: Right, definite shadow in circle of first rib; left, shadow in circle of first rib and 
first interspace, radiating out from hilum. 


No complications. 
Sputum on admission ran from 5 to 30 grams a day. His smallpox began November 15, 


1914. On his return from isolation hospital his sputum was 70 grams per day at one weigh- 
ing, 30 at another, but in a month had‘stopped altogether. Bacilli were not found. 

The apical rales heard on admission had disappeared after his smallpox and did not 
recur at any of the subsequent monthly examinations. 

Patient discharged July 1, 1915. Resumed work as insurance agent. 

Readmitted to sanatorium October 21, 1915. After working seven weeks lost strength 
and 9 pounds in weight; temperature reported as 101° rectal; cough and expectoration 
absent. 

Examination October 27, 1915: Definite impairment of resonance at both apices without 
rales; coarse friction rub over entire left base. 

On February 28, 1916, bacilli (Gaffky ii) found in mucoid expectoration. 

Discharged August 31, 1916; disease quiescent. 

Patient readmitted July 25, 1917, complaining of loss of 10 pounds in weight. Physical 
and X-ray examinations on admission were the same as on last admission. No expectora- 
tion. He was discharged October 11, 1917, and subsequently left the company’s service. 
His annual reports show that he has been working in a drop forge plant for two years and 
has remained well. He recently visited the sanatorium and seemed as well as when last 


discharged. 


S. R. Case no. 123. Age twenty-six. Earliest definite symptoms of tuberculosis, one 
year before admission. Onset with loss of weight, cough, languor, subnormal morning 


temperature, pulse 90. 
Examination November 13, 1914: Right, impaired resonance to 3rd rib; few m. c. rales 


from apex to 2nd rib. Posteriorly: Impaired resonance to 3rd v. s. with f. c. rales over 
upper lobe. Left, slight impairment of resonance at apex without rales. 


| 
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X-ray showed stringy shadows at apices of both lungs. 

No complications. 

Bacilli not found. . (No expectoration.) Patient made uneventful recovery following 
smallpox, which started on November 19, 1914. 

The medium and fine crepitant rales heard at the right apex on admission were no more 
heard immediately after recovery from smallpox and. on monthly examinations. 

Annual reports on condition since discharge state that he has kept well ever since leaving 
the sanatorium. 


W. E. B. Case no. 74. Age thirty-seven. Earliest definite symptoms of tuberculosis, 
one year before admission, beginning with “bronchopneumonia.” 

Examination October 22, 1914: Right, dulness to 2nd rib, moderate dulness to 4th rib; 
m. c. rales from apex to 4th rib. Posteriorly: Dulness to 4th v. s.; coarse crepitant rales to 
5th v. s.; moderate superficial dulness throughout remainder of lung. Left, impaired reso- 
nance to 4th rib with m. c. rales above and below clavicle. Posteriorly: Fine crepitant 
rales down to 3rd v. s. 

X-ray: Right, marked contraction of upper portion of right thorax with dense stringy 
and band-like shadows throughout upper two-thirds of lung. Left, scattered mottled and 
beaded shadows down to 4th rib. 

Complication: Otitis media (tuberculous). 

Sputum on admission, Gaffky vii. Examination immediately before smallpox nega- 
tive; all subsequent examinations positive. Average sputum weight before smallpox 30 
grams per day. Immediately after smallpox average 7 grams for one month. For succeed- 
ing four months no expectoration. Rapid increase from then on, with continuously high 
sputum weight. 


Examinations after recovery from smallpox showed no change in extent or character of 
rales in right upper lobe. The crepitant rales at the left apex had disappeared and were 
not heard again for three months, after which they were heard at every examination and 
gradually extended over the entire lung. 

In November, 1918, patient contracted influenza while away on visit, soon after which 
the activity of his disease increased and he slowly lost ground to the time of his death, Novem- 
ber 14, 1919. 


B. B. Case no. 56. Age thirty-three. Earliest definite symptom of tuberculosis, No- 
vember, 1913. Began following tonsillectomy; early symptom severe pleurisy. Taken to 
Flower Hospital, N. Y., December 3, 1913; remained there until admitted to sanatorium. 
Following pleurisy was told that pneumonia developed and, on December 19, that she had 
gangrene of the lung. Correspondence in January, 1914, shows she was severely pros- 
trated and in March it was reported that a “tubercular process” at the base of the right 
lung had developed. Tubercle bacilli not found. 

Examination November 17, 1914: Right front, moderately dull percussion note at apex, 
with m. and f. c. rales to 2nd rib; marked impairment of resonance from upper border 4th 
rib to base, with coarse crepitant rales. Right back, m. c. rales to 3rd i. s.; moderate dul- 
ness below 6th rib with numerous m. c. rales. Left front, impaired resonance down to 2nd 
rib, with few scattered fine rales. Left back, few fine rales at apex with scattered m. c. 
rales below 7th v. s. 

X-ray: Definite densities at apices of both lungs and rather uniformly hazy shadows 
below 3rd rib in right lung, and the 4th rib in the left. These shadows filled entire lower 
portions of the lungs. 
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Sputum on admission averaged 45 grams:per day. In May and June, 1914, it increased 
markedly, reaching high peaks of 530 and 625. grams of purulent offensive sputum. In 
July the average was 239 grams per day; August 222; September 188; October 144; Novem- 
ber, to beginning of smallpox, 130. 

Her smallpox started November 19, 1914. She returned to the sanatorium December 
24th; her expectoration was scant (less than 10 grams a day) to January 16th, after which 
she had none up to the time of her discharge, October 14, 1917. Sputum, Gaffky v on 
admission; Gaffky iv on October 31, last examination before smallpox. Bacilli were never 
found afterward. 

Complications during residence, before smallpox, repeated hemoptyses during acute 
course of tuberculosis, and an ischiorectal abscess. 

Patient weighed 46 kgm. on admission and gained 1300 grams during the first two weeks. 
She then became acutely ill with tuberculosis and was not weighed until after the smallpox, 
when she weighed 48.9 kgm. During the intervening months of her critical illness it was 
apparent that she had lost a great deal of weight. The condition became so critical shortly 
before her smallpox that death seemed only a matter of a few days. Her gain after the 
smallpox was rapid, reaching 64 kgm. in June, 1915, which point she maintained through- 
out the remainder of her residence. i 

The medium and fine crepitant rales at the right apex and fine rales at left apex, heard 
at all examinations before the smallpox, were not heard at any monthly examination after the 
acute disease. The m. c. rdles heard over the right lower lobe persisted throughout her 
residence; those over left lower lobe gradually cleared and were last heard April, 1915. 

Present condition: After her formal discharge from the Sanatorium in October, 1917, patient 
worked here for some time as telephone operator. She then took a similar position in New 


York City and her recent annual report shows that she has been constantly well since leaving 
here: she has no cough or expectoration, maintains her weight well above normal and has 
been married during the past year. 


F.B. Caseno. 81. Age twenty-two. Earliest symptom of tuberculosis, August, 1910, 
when he took treatment at Loomis Sanatorium. 

Examination November 17, 1914: Right, resonance impaired at apex, without rdles. 
Posteriorly, impaired resonance to 3rd v. s. without rales. Left, impairment of resonance 
at apex without rales. Posteriorly, impaired resonance at apex. 

X-ray: Right, gave a definite filmy shadow filling circle of first rib. Left, dense inter- 
weaving striations running from hilum to circle of first rib and first interspace. 

No complications. 

Patient had smallpox during latter part of November and early December, 1914. Ex- 
amination January 12, 1915, gave the same signs as examination November 17, 1914, and 
there was no change from month to month thereafter until discharge, July 30, 1915. 

Sputum averaged 10 grams a day prior to smallpox and about 8 grams per day after 
and during remainder of residence. Bacilli found before and after smallpox. 

Patient readmitted June 18, 1917. On May 11 preceding he had had an hemoptysis of 
about a cupful of blood. 

Examination showed moderately dense disease in the upper fourth of both lungs, with 
some contraction of right apex. 

X-ray showed considerable pulling of mediastinum and trachea to right, and definite 
beaded, stringy shadows down to 2nd rib on right and 3rd rib on left. 

Tubercle bacilli (Gaffky ii) were found. 

He remained under treatment until November 24, 1917. 

Present condition: Patient reports that he®is as’well as when he left the sanatorium and 


works steadily. 
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W. G. B. Case no. 119. Age thirty-five. Earliest definite history of tuberculosis 
August, 1914. 

Admitted October 16, 1914. 

Examination October 19, 1914, showed possible impairment at both apices without 
demonstrable rales. 

X-ray showed filmy, not wholly characteristic, shadows in circles of first ribs. 

No complications, 

No expectoration. 

Gained steadily from admission to onset of smallpox, November 23, and continued his 
gain after the acute infection at apparently the same rate as before. Examinations made 
subsequent to smallpox revealed no changes in physical signs. 

He was discharged April 30, 1915. Readmitted to the sanatorium August 26, 1915, 
because of loss of 12 pounds in weight, without other definite symptoms. Remained in the 
sanatorium until September 28, 1916. On monthly examinations during this period rales 
were found at right apex on 8 examinations and at left apex on 4. Pleural rubs were 
always present at both bases. He had slight mucoid expectoration at times. Bacilli were 
never demonstrable. Recovery was uneventful. 

Present condition: States that he is not as well as when he left the sanatorium; that he 


has pleurisy and has lost 16 pounds. 
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SOME PROBLEMS IN THE DIFFERENTIAL DIAGNOSIS 
OF PULMONARY TUBERCULOSIS 


JAMES ALEXANDER MILLER 
New York City 


In presenting the subject of differential diagnosis of certain conditions 
often confused with pulmonary tuberculosis, I wish to excuse myself on 
the ground that, in the very numerous discussions of the diagnosis of 
chest conditions, an almost unanimous emphasis has been placed upon the 
frequency of unrecognized tuberculosis. This situation is only too fa- 
miliar to all of us; and, although improving, it is still bad enough to re- 
main a reproach to the medical profession to far too ‘great an extent. 

It is far from my desire that anything that I may say should be inter- 
preted as in any way an argument against every effort to promote the 
early recognition of tuberculosis. This is, and should be, the prime 
consideration of the antituberculosis movement as it relates to the medi- 
cal profession. 

The physicians in this conference, however, do not, I consider, need 
this emphasis. You represent the best of America’s experts in the diag- 
nosis and treatment of tuberculosis and I therefore venture to present to 
you the problem with the emphasis reversed, that is, upon the danger, 
perhaps especially great, among experts in tuberculosis, that tuberculosis 
may be not infrequently diagnosed when it does not exist. 

Speaking broadly, such diagnosis of dubious or uncertain cases has 
probably been to the advantage of the greater number of patients; for 
certainly much less harm is done even in cases of mistake than where 
cases of actual tuberculosis are overlooked. One cannot, however, 
escape dissatisfaction with inexact medical diagnosis, to say nothing 
of the hardship and injustice which are inflicted upon unfortunate 
individuals, needlessly branded with the stamp of a dreaded disease. 

It is the experience of many institutions for the treatment of tubercu- 
losis that a large percentage of the cases admitted are not tuberculosis; 
in my tuberculosis service at Bellevue Hospital it is as high as 20 per 
cent, and I take it as extremely probable that a similar situation exists 


elsewhere. 
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The study of these cases furnishes one of the most interesting fields 
for the specialist in pulmonary tuberculosis, and also affords a backgound 
of knowledge of other chest diseases and of general internal medicine 
which is much needed if we are to be really skilled diagnosticians and to 
practise with satisfaction to ourselves and to our patients. 

From the large field of possibilities we may select for consideration a 
few groups, with which I myself have had difficulty. In many of these 
cases the diagnosis of tuberculosis is undoubtedly quite properly estab- 
lished; in many others, however, other explanations of the signs and 
symptoms are forthcoming, and the obvious but erroneous diagnoses of 
tuberculous disease may be consequently and satisfactorily avoided. 

The conditions which will here be considered may be divided into two 
main groups: 

1. Those in which the history and symptoms are suspicious of tu- 
berculosis, but the local lesion is slight and difficult to find. A problem in 
physical diagnosis. 

2. Those presenting very definite physical signs in the lungs. A 
problem of interpretation. 


1. THOSE IN WHICH SUSPICIOUS SYMPTOMS PREDOMINATE 


General asthenia. A not inconsiderable number of people, more often 
women or children, are constitutionally frail. They have little strength or 
endurance, are below average weight and are apt to present, at intervals, 
irregular symptoms, such as nervousness, irritability, indigestion, head- 
ache without ascribable cause, etc. Such cases often simulate tuberculo- 
sis, especially when subject to recurrent colds and other infections, as 
they often are. Prolonged observation and frequent examinations are 
needed to establish a definite conclusion. Tuberculin tests are of value, 
especially in children and adolescents; and many, but by no means all 
of the group, may eventually be demonstrated as tuberculous. 

If proper supervision and general management of their mode of living 
are established, the physician is safeguarded from unfortunate results from 
delaying a positive diagnosis, and most gratifying improvement or com- 
plete restoration to health and vigor may often be expected. Physicians 
owe these cases a systematic care and oversight which, on account of 
the indefinite and unsatisfactory nature of their symptoms, they are 


frequently not given. 
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Neurasthenia. This group is quite similar to the last, with, however, 
a predominance of nervous symptoms, often to the point of a real psycho- 
neurosis. They are often the despair of physicians, both from the 
standpoint of diagnosis and of treatment. They may be tuberculous 
and the nervous symptoms may be an expression of the toxaemia: more 
frequently, however, they are not. One frequent source of error is the 
fact that regular or irregular elevations of temperature often occur, pro- 
bably due to disturbances of the sympathetic nervous system. 

The increasingly general and commendable practice of regular tem- 
perature observations in suspected cases increases this possibility of mis- 
take, unless this fact is born in mind. In women the normal premen- 
strual rise of temperature is especially apt to be accentuated or prolonged 
in these cases. 

As in the preceding group, prolonged observation coupled with a 
regular regimen of life, not only furnishes the sole means of correct diag- 
nosis, but also meets the proper indications for treatment, whether or 
not tuberculosis is eventually found to be present. 

Hyperthyroidism and other disturbances of internal secretions. These 
patients complain of malaise, loss of weight, general nervousness, diges- 
tive disturbances and sometimes a chronic unproductive cough, when 
the thyroid is enlarged. On examination they are found to be poorly 
nourished, have a rapid pulse, are easily fatigued and, possibly the 
most frequent source of error, usually have a slight elevation of tempera- 
ture in the afternoon which is accentuated by exertion or excitement. 

The general examination of the patient, so often slighted by the spec- 
ialist in pulmonary disease, discloses the fine tremor of the hands, the 
tachycardia, the slight enlargement of the thyroid, the exaggerated ten- 
don reflexes and possibly exophthalmos, upon which the correct diagno- 
sis of hyperthyroidism rests. The Goetsch test (the hypodermic injec- 
tion of adrenalin) usually gives a distinct constitutional reaction and 
appears to be of real value in diagnosis. 

In other cases, hypothyroidism exists, or there are general symptoms 
of nervousness and disturbed nutrition, apparently associated with ab- 
normal function of the ovarian or adrenal internal secretions. Proper 
observation and supervision of the regimen of life continued with the 
administration of extracts of animal glands of internal secretion or, 
sometimes in hyperthyroidism, with surgical operation upon the thyroid, 
frequently result in satisfactory results, as well as the establishment of 
a Clear diagnosis. 
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Chlorosis. Primary anaemia, especially in young girls, is accompanied 
with general symptoms which simulate tuberculosis. It must be borne 
in mind that tuberculosis often develops during such a condition and 
also that a secondary anaemia, due to tuberculosis, may closely simu- 
late chlorosis. This constitutes one of the many neglected problems 
of adolescence. 

Study of the blood characteristics, proper regimen, especially of rest 
and diet, combined with close supervision, including frequent painstaking 
examinations of the chest, usually clarify the diagnosis. 

Fevers of obscure origin. Fever constitutes the chief early manifesta- 
tion of many conditions of which the focal and pathognomonic signs or 
symptoms are often slow in developing. 

Pulmonary tuberculosis is one of the most frequent of these; but there 
are many others, and errors of diagnosis in both directions are unfortu- 
nately frequent. An appreciation of the chief possible causes of such 
fever is essential; hasty diagnosis is to be avoided; and close observation 
with close watch for the development of some definite and characteristic 
evidence is often needed. It must be remembered that fever from what- 
ever cause is associated with certain other symptoms, such as malaise, 
recurrent sweats, headache, loss of appetite and other digestive distur- 
bances, loss of weight, etc., which do not in themselves furnish the clue 
to a correct diagnosis. Several more common febrile conditions may 
receive more specific consideration, as for example: 

a. Typhoid and paratyphoid fever. A week or ten days often elapses 
before definite signs other than fever manifest themselves in these diseases. 
Persistent frontal headache, epistaxis, an enlargement of the spleen, 
continued fever without marked morning remissions, and, later, a ten- 
dency to tympanites, the appearance of rose spots and the development 
of a positive blood culture and Widal reaction, make up the more usual 
sequence of events. 

When associated with bronchitis and its accompanying cough the 
early differential diagnosis is not easy. The signs in the chest, however, 
are usually not definitely localized, are bilatetal at the bases and are 
apt to be variable in location and extent. 

The active febrile stage of early pulmonary tuberculosis is very likely 
to subside in two or three weeks when the patéent is at rest in bed. If 
the signs in the chest are obscure or overlooked, such cases are frequently 
called mild typhoid fever. No such case of fever should be so lightly 
dismissed unless definite evidence, such as a pcsitive blood reaction or 
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culture, or very definite rose spots and enlarged spleen are present. 
Repeated examination of the chest and of the sputum, and X-ray exam- 
ination after the patient is able to be up and about frequently lead to 
the correct diagnosis. 

b. Malaria. The differential diagnosis here is not difficult and con- 
sequently errors have little excuse. Nevertheless, it is true that many 
cases of tuberculosis are diagnosed and treated as malaria until the case 
is advanced and the golden opportunity for successful treatment has 
passed. This fact can only be explained by superficial study and ex- 
amination and an easy-going tendency to use the term ‘‘malaria” as a 
catchbasket diagnosis for unexplained fevers, accompanied by rather 
indefinite symptoms. This lack of appreciation that malaria is a very 
definite clinical entity, caused only by the infecting plasmodium which 
can usually be detected in the blood with at most slight difficulty, is 
widespread enough to cast considerable discredit upon the medical 
profession. Unrecognized and neglected tuberculosis is one of the most 


frequent results. 
c. Influenza. Side by side with malaria stands “grippe,’ 


? as the 


ready answer of the careless practitioner to the demand for a labeling 
diagnosis of a mild febrile attack. That this is more likely than not 


to be erroneous does not appear to have lessened the frequency of the 
habit. This is possibly because the real truth is never ascertained and 
the patient recovers from whatever the transient infection may have 
been. Certain influenza lesions in the chest present real difficulties in 
differential diagnosis which will be especially considered later, but in 
the main the error is made in the opposite direction and it is the early 
localized tuberculosis which is overlooked, when careful search for signs, 
combined with sputum and X-ray examination, would easily clear up 
any doubt. Continued cbservation and study ofall patients who cough, 
until the cough is satisfactorily explained, would avoid many mistakes. 
When accompanied by fever the responsibility for such careful study is 
imperative. 

d. Focal infection. This is a very interesting and difficult group 
of conditions, much studied of late, but still far from perfectly under- 


stood. 
When associated with fever and mild constitutional reaction and with 


chest pains or sometimes cough, the differentiation from obscure tuber- 
culous lesions is far from easy. 
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The most frequent locations of such foci are the teeth, the tonsils, the 
upper air passages, especially the accompanying nasal sinuses, the 
intestines and the genitourinary tract. Arrival at a satisfactory diag- 
nosis is often a tedious affair and frequently a matter of a gradual elimi- 
nation of various possibilities. The late realization that pulmonary 
tuberculosis was the real offender during all the weeks consumed in 
treating or removing teeth or tonsils, or other surgical operations, or in 
elaborate procedures aimed at intestinal autointoxication, is not an 
enjoyable experience for either physician or patient. On the other hand, 
irregular fevers are often caused by just such focal infections, the re- 
moval of which brings brilliant results. In this difficult field only pains- 
taking search will reveal the true situation. 

e. Septic endocarditis. This condition is frequently the result of 
a focal infection not always discoverable. In itself, however, it is fre- 
quently overlooked and mistaken for tuberculosis. The murmurs of 
valvular disease, the irregular temperature with or without chills, the 
petechiae, the enlarged spleen, the discovery of a likely source of focal 
infection, the frequent polynuclear leucocytosis and finally the positive 
blood culture, are the main evidences upon which the diagnosis rests. 
The condition is undoubtedly much more common than is usually recog- 
nized and its diagnosis is frequently overlooked. 

In this whole group of cases exhibiting indefinite constitutional symp- 
toms the suspicion of possible tuberculosis should always be entertained 
because of its overwhelming frequency. With this attitude of mind, 
fortified by care and patience in the search for direct evidence, the correct 
solution of these interesting problems can usually be obtained. 


2. CASES PRESENTING PHYSICAL SIGNS IN THE LUNGS, A PROBLEM OF 
INTERPRETATION 


_ Tuberculous infection vs, tuberculous disease. [t is to be noted that 
in the problems of differential diagnosis thus far considered the difficulty 
lies with the proper interpretation of general symptoms, and that suit- 
able regimen during the period of observation meets the main indication 
for treatment, thus affording opportunity for study and diagnosis without 
jeopardizing the interests of the patient, whatever the final diagnosis 
may be. 

A far greater difficulty arises when, in addition, slight deviations from 
the normal are revealed by careful physical examination of the lungs. 
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The point to be emphasized is that infection with tuberculosis may 
produce slight lesions which are permanently recognizable by careful 
clinical methods. The physical signs of such lesions may or may not 
have any clinical significance. Their correct interpretation is only pos- 
sible in the light of corroborative evidence from the subjective and con- 
stitutional symptoms. Given signs, such as slight impairment of reso- 
nance, slight alteration in the breath sounds or fine crackling rAles, 
without stickiness or moisture at a pulmonary apéx, the presumption 
of an inactive fibroid lesion is justified unless constitutional evidence of 
active disease is present. The determination requires time, care and 
repeated observation of the usual clinical phenomena such as tempera- 
ture, pulse rate, fatigue, digestion, nutrition, etc.; but the diagnosis of 
active clinical tuberculosis demanding treatment is not justified upon 
such physical signs alone. 

In these days of required periodic physical examinations for the appar- 
ently well, so frequently and quite properly becoming a part of organized 
business and industry, as well as requirements for life and health insur- 
ance, the recognition and correct interpretation of the physical signs of 
old tuberculous infection, as distinct from active disease, assume in- 
creasingly great importance. 

Conditions presenting marked physical signs. The problems in this 
group are in the main more difficult than in the preceding; mistakes are 
consequently less reprehensible even if more frequent. In doubtful 
cases the general practitioner would do well to ask early expert advice 
from those who have had an opportunity to study pulmonary disease 
upon an extended scale. The mistake here is usually that of making a 
positive diagnosis of a tuberculosis which does not exist. 

In general, the physical signs are marked, often extensive and accom- 
panied by considerable cough and expectoration. In all such cases 
persistently negative results in the examination of the sputum for tu- 
bercle bacilli should arouse the suspicion that a nontuberculous lesion 
exists. Extensive pulmonary tuberculosis with persistently negative sputum 
is very rare. 

In this group the X-ray is also of the greatest value, giving informa- 
tion often unobtainable by physical examination and frequently estab- 
lishing a certain diagnosis. This means of examination should never 
be neglected. 

a. Emphysema and chronic bronchitis. This very common condi- 
tion is frequently confused with pulmonary tuberculosis. While the 
diagnosis is not always easy, the mistake can usually be avoided by care. 
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The history of chronic cough, usually with marked expectoration, 
shows a distinct tendency to exacerbation during the winter months. 
Asthma is frequent and the chronic dyspnoea is associated with the 
physical signs of emphysema. The sputum, though profuse, is negative 
for tubercle bacilli and the rales in the chest indicative of bronchitis 
are bilateral, widely distributed and with marked tendency to predomi- 
nance at the bases, and vary greatly in number and location from day 
to day. 

Tuberculosis is often associated with, or develops in, such cases. 
Generally it is the chronic fibroid form confined to the apices, and may 
not be of great clinical significance, especially when tubercle bacilli are 
absent from the sputum. This is particularly true in older people in 
which this condition is mostcommon. On the other hand, some forms of 
chronic tuberculosis slowly develop an associated emphysema which 
may be accompanied by bronchitis and asthma. When seen, the under- 
lying tuberculosis may be masked by the other conditions and over- 
looked. Although presenting few if any symptoms of active tubercu- 
losis, such cases frequently have large numbers of tubercle bacilli in the 
sputum and, unrecognized, form a class more dangerous to their associates 
than serious in themselves. A large portion of the so called tubercu- 
losis carriers belong in this group and in many cases of active tubercu- 
losis the source of their infection may be traced to them. Only system- 
atic, thorough examination of all such patients, with tuberculosis in 
mind as a possibility, will eliminate this source of error and of these 
cases of new disease. Careful sputum and X-ray examination are the 
most important aids in their diagnosis. 

b. Subacute or chronic bronchopneumonia or peribronchitis. This is 
an interesting group, very common, especially since the increased pre- 
valence of influenza, and is often mistaken for tuberculosis. The in- 
fecting microdrganism may be the pneumococcus, influenza bacillus 
or streptococcus. 

The constitutional symptoms are mild and the fever of only a few 
days’ duration. Cough and expectoration are marked and there may 
be an haemoptysis. 

When the infection is due to influenza, catarrhal symptoms of the 
upper air passages are usually present and the accessory nasal sinuses 
are frequently involved. 

The physical signs are the same as those of tuberculous infiltration, 
but are almost always in the lower lobes and are extensive, often involv- 


510 JAMES ALEXANDER MILLER 


ing an entire lobe. The sputum examinations fail to reveal tubercle 
bacilli, but one or more of the three above mentioned microérganisms 
are found in large numbers and often in pure culture. 

The X-ray shows either nothing abnormal or simply an intensifica- 
tion of the normal bronchial shadows, linearly distributed, and never 
the fluffy irregular distribution of parenchymal tuberculous disease. 

The condition may entirely clear up in a few weeks or it may only 
partially do so, to be followed by recrudescence in the following weeks 
or months. Or it may persist and develop into a chronic condition with 
fibrosis, occasionally resulting in bronchiectasis. 

The persistence of the cough and expectoration and the physical signs 
invite the erroneous diagnosis of tuberculosis. In the cases in which 
haemoptysis occurs, this mistake is almost invariably made. 

The differential diagnosis from tuberculosis rests upon the localiza- 
tion of the lesions in the lower lobes, the absence of constitutional symp- 
toms in the presence of extensive physical signs, the absence of tubercle 
bacilli in the sputum and the presence of the microdrganisms of acute 
respiratory infection, the character of the X-ray picture and the dis- 
appearance of signs and symptoms in the majority of instances far more 
quickly than would be possible in tuberculous lesions of similar extent. 

c. Bronchiectasis. The history of bronchiectasis is one of chronic 
cough, often paroxysmal in character, usually dating from an attack of 
pneumonia or so called grippe. This cough is punctuated by the per- 
iodic expectoration of large quantities of purulent and often foul sputum. 
Such gushes of expectoration are frequently precipitated by certain 
positions of the body, sudden exertion, laughing, eating, or are- often 
without apparent cause, and render the patient a most unpleasant com- 
panion and disgusting even to himself. His general condition is poor, 
he loses weight, tires easily, is short of breath, he becomes cyanotic with 
clubbed fingers and before long is unable to work and, sensitively avoid-. 
ing the society of others, he is altogether a very miserable object. Period- 
ically, especially in winter, he is ill in bed with fever and aggravation of 
his other symptoms, and occasionally there is spitting of blood. This 
condition goes on for many years, is slowly but persistently progressive 
and finally the patient succumbs to inanition, pneumonia, large haemor- 
rhage, or some associated complication. 

The signs in the chest are variable and often very indefinite, depending 
largely upon the type of disease of which there are mainly three, namely, 
the infiltrative, the fusiform or cylindrical, and the sacculated bronchi- 
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ectases. The lesions may be single but are very frequently multiple 
and bilateral. They are almost always situated in the lower lobes, but 
may be found in the upper. In this situation they may be associated 
with or dependent upon a tuberculous lesion. If the bronchiectasis is 
single, the localization of physical signs over the lower lobe behind, 
presenting evidence of pleuritic adhesions, consolidation, localized bron- 
chial catarrh, or more rarely a definite cavity, makes, with the history 
and the persistent absence of tubercle bacilli from the sputum, a fairly 
definite clinical picture which is usually satisfactorily completed by the 
X-ray. 

With multiple and bilateral lesions, especially in the earlier stages, 
represented by the infiltrative type, the difficulties are much greater 
and the physical signs are usually those of a chronic bronchitis with or 
without pulmonary emphysema. During the exacerbations with fever, 
which are often really attacks of bronchopneumonia, there may be a 
polymorphonuclear leucocytosis. Again, in these types, the history, the 
negative sputum and the X-ray must determine the diagnosis. 


CONCLUSION 


In conclusion may I emphasize the fact that methods of more or less 
scientific precision, such as tuberculin tests, sputum examinations, the 
X-ray and complement fixation reactions, indispensable as they are, 
frequently fail or even confuse the diagnostician, and that in the last 
analysis the diagnosis of pulmonary tuberculosis, as indeed most other 
internal diseases, depends mainly upon the development of that clinical 
sense on the part of the physician, the pursuit of which constitutes 
much of the fascination of the practice of medicine; and further, that 
justice to patients and the profession alike demands that those who see a 
good deal of pulmonary disease should constantly keep in mind the not 
unlikely possibility that a thorough general examination may explain 
quite otherwise the suspicious symptoms which are apt to be ascribed 
solely to the lungs; and that certain definite physical signs in the chest 
may be susceptible of quite other interpretation than the temptingly 
obvious one of tuberculosis. 

He who learns this lesson well, will, I believe, recognize tuberculosis 
when he encounters it even better than before. 
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POINTS IN THE DIAGNOSIS OF PULMONARY 
TUBERCULOSIS 


A SYNOPSIS 


FRED H. HEISE 
Trudeau, New York 


The following assertions, under the various captions, are not to be 
taken as all-inclusive. Exceptions undoubtedly occur. An attempt is 
made to give merely those facts which exist in more than one half of 
all cases of pulmonary tuberculosis. 

To diagnose pulmonary tuberculosis, we must include a diagnosis of: 

A. Tuberculous infection. 

B. Tuberculosis (clinical disease). 

C. Pulmonary tuberculosis (a focus in the lungs). 

D. Activity of the pulmonary focus. 

An attempt is also made to state the more common conditions which 
may simulate pulmonary tuberculosis and a few points which may be of 
value in differential diagnosis. ‘The latter are not to be considered in an 
absolute sense, as here also exceptions undoubtedly do occur. Nor is 
the list of conditions, or the list of points in diagnosis, to be considered 
complete. 

A: Tuberculous infection. 

I. Skin tests (intradermic test applied in decimally increas- 
ing strengths probably best). 
May not react: 
a. Improperly applied (von Pirquet scarification incor- 
rect, allowing insufficient time for proper absorption). 
b. Too weak solution. 
c. Acute infectious diseases. 
d. No tuberculous infection. 
II. Subcutaneous tests. 
III. Tubercle bacilli. 
IV. Positive complement fixation. 
B. Tuberculosis. 
I. Demonstration of tubercle bacilli. 
512 


POINTS IN DIAGNOSIS 513 


II. Probably a positive complement fixation, present at least 
twice, two or more weeks apart. 


C. Pulmonary tuberculosis. 


I. Symptoms. 
a. Hemoptysis of dram or more, especially if out of a 
clear sky and occurring in the absence of an acute 
epidemic of respiratory disease, is in about 90 per 

cent of cases due to pulmonary tuberculosis. 

b. Pleurisy with effusion, or a substantiated dry pleurisy, 
not coming during an epidemic of acute respiratory 
disease, most likely (50 per cent to 75 per cent) due 
to pulmonary or pleural tuberculosis. 

II. Physical signs. 

a. Bronchovesicular breathing and increased vocal res- 
onance at right apex insufficient, unless very well 
marked. May be caused by: 

1. Anatomic variations. 
2. Deviation of trachea due to enlarged thyroid. 
3. Scoliosis with convexity to right in cervico-dorsal 
region. 
4. Possibly muscular tenseness or improper nasal or 
oral breathing. 

b. Cog-wheel breathing occurs so frequently in other 
conditions as not to be of great value. 

c. Granular breathing is so often confused with scapular 
and other friction sounds as to be misleading. 

d. Definitely distant breathing is very suggestive of 
pleurisy, pneumothorax or even infiltration. 

e. Marked bronchovesicular or bronchial breathing, with 
marked increase of vocal resonance, bronchophony 
or pectoriloquy, denotes existing changes due to 
pathological conditions, namely, infiltration, con- 
solidation, cavitation, retraction or fibrosis. 

Rales. When persistent and fixed for a week or more, 
they are almost pathognomonic of tuberculosis, if 
located in upper half of chest only. May be unilat- 
eral, in which case the evidence is stronger, or 
bilateral. Rales extending continuously, or even 
brokenly, from the apex downward, are very signifi- 
cant of tuberculosis. 
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g. Rales may be present without changes in dulness or 
breath sounds. 

h. Dulness, sometimes hyperresonance, may be present 
without marked changes in breath sounds. 

III. X-ray. 

a. Peribronchial beading and accentuation may be pres- 
ent when tuberculosis cannot be proved. 

b. Definite parenchymatous infiltration (mottling) is very 
significant of tuberculosis when localized above the 
third rib or when unilaterally scattered through the 
lung.: Always look for evidence of tuberculization. 
Consolidation, cavitation, fibrotic changes, inter- 
lobar conditions and localized homogeneous lessened 
transmissions of ray occur frequently in tuberculosis. 

IV. Laboratory. 

a. Sputum. Bacilli demonstrated, especially more than 
once, the nearest positive proof of pulmonary tuber- 
culosis available. 

b. Complement fixation test is positive in positive sputum 
cases most often. (Complement fixation test may 
be positive when tuberculosis exists elsewhere than 
in the lungs.) 

D. Activity. 
I. Symptoms. 
a. Positive: 
1. Elevation of temperature (toxicity). 
2. Increased rapidity of pulse (toxicity). 
3. Pleurisy, dry or wet (at least temporary activity of 
pleural focus, and probably intrapulmonary focus). 

b. Suggestive: ; 

1. Hemoptysis. (Quite a few occur as accidents in 
the course of the disease. Activity may be the 
cause, or activity may or may not follow upon 
hemoptysis.) 

2. Streaked sputum. 

3. Languor. 

4, Dyspnoea. (When sudden and marked, look out 
for pneumothorax, also for miliary tuberculosis.) 

5. Nightsweats. 
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6. Progressive loss of weight. 
7. Anorexia. 
II. Physical signs. 
a. Recent pleurisy. 
b. Crepitant rales. 
c. Presence or absence of the ordinary rales does not 
mean anything as regards activity. 
d. Recent bronchopneumonia or consolidation. 

E. Differential diagnosis. Most difficult when minimum or exten- 
sive physical signs are present, or when minimum X-ray evi- 
dence is present. 

I. Minimum physical signs or no physical signs; minimum 

X-ray or negative X-ray findings: 

a. Hyperthyroidism. 

b. Neurasthenia, psychasthenia. 

c. Focal infections: 
1. Teeth. 
2.. Sinuses. 
3. Bowels. 

d. Cardiac conditions. 

e. Renal conditions. 

f. Gall bladder disease (stones). 

g. Diabetes. 

h. Syphilis. 

i. Typhoid fever. 

j. Secondary anemias. 

k. Leukemias. 

1. Hodgkin’s disease. 

II. Extensive physical signs: 

a. Bronchitis. 
b. Pneumonias. 

. Bronchopneumonias. 
. Abscesses. 

. Malignancy. 

. Streptothrix. 

. Actinomycosis. 
h. Fungous infections. 

(However, any of the above may be present with only moderate 

extent of physical signs or moderate X-ray findings, and, with 
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the exception of lobar pneumococcus pneumonias, may be pres- 
ent in the same individual.) ; 
F. Points in differential diagnosis. 
I. Rales above third rib, when persistent and fixed, are 
apt to be due to tuberculosis. 

. R&les, below the third rib only, are probably nontubercu- 
lous. 

. Physical signs absent above the second rib, condition 
probably nontuberculous. 

. X-ray lesion only peribronchial may or may not be tuber- 
culous. 

. For tuberculosis (X-ray) look for tuberculization. Re- 
member anthracosis, etc., post-influenzal or post- 
measles bronchopneumonias. 

. When tuberculization not definite, look out for broncho- 
pneumonias, pneumonias, abscess, bronchiectasis, malig- 
nancy, etc. 

. Sharply demarcated lesions with no evidence of disease 
surrounding the demarcated area, when involving less 
than a lobe (more than one may be involved), are prob- 
ably not tuberculous. 

Always be on the lookout for malignant growths of the 
mediastinum and pleura and along the bronchi, and 
extending from the root. 

. Tuberculosis of the lungs may exist with no demonstrable 
X-ray lesion at the time. 

. Ascertain the amount, character and time at which most 
sputum is raised. 

. Be sure to examine the sputum frequently and to use the 
concentration methods. Employ guinea pig inoculation 
or test-tube implantation upon Petroff’s medium. 

XII. The complement fixation test for tuberculosis and for 
syphilis will often prove of great worth. Syphilis 
should always be excluded when in doubt. 

G. Finally, before making a diagnosis of pulmonary tuberculosis, 
have one or more of the following positive findings: 
I. Hemoptysis, as described under diagnosis. 
II. History of pleurisy with effusion, or a substantiated dry 
pleurisy, as described under diagnosis. 
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III. RAles, persistent and fixed, in the upper half of the chest. 
IV. A definite parenchymatous X-ray picture, showing tuber- 
culization or mottling. 
V. A positive complement fixation for tuberculosis. 
VI. Tubercle bacilli in the sputum. 
Some of the above may be present when pulmonary tuberculosis does 
not exist, but the majority of cases of pulmonary tuberculosis have 
two or more of these present. Be sure to have at least one. 
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THE IMPORTANCE OF PHYSICAL SIGNS IN THE PROG- 
NOSIS OF PULMONARY TUBERCULOSIS 


FRANCIS B. TRUDEAU 
Saranac Lake, New York 


In many cases of pulmonary tuberculosis we find that during the 
course of treatment the patient loses his cough; his fever drops and 
remains normal; he gains weight, and often reports that “he never felt 
better in his life;” and yet the physical signs have remained stationary 
or have even advanced slightly. When we are confronted by such a 
patient what should be our advice to him regarding his further treatment 
and prognosis? In other words, which should carry the more weight 
in our mind, the decreased symptoms or the stationary or increased 
signs? In order to try to shed a little light on this question, the following 
work was undertaken. 

The physical signs on admission were compared with those on dis- 
charge in 1000 consecutive cases admitted to the Trudeau Sanatorium, 
starting with those patients admitted during 1907 and working through 
to the admissions of 1913. The condition of these 1000 cases in 1918, 
or from five to eleven years after discharge, was then looked up and the 
results analyzed, three points in particular being studied: 

First, during their stay at the institution, with an average residence 
of five and one-half months, do the physical signs of most of the patients 
show an increase, a decrease or do they remain stationary? 

Second, do the patients who leave the institution with decreased 
signs show a lower mortality or remain well longer than their less fortu- 
nate companions whose physical-signs refuse to clear up, or even slightly 
advance? 

Third, is it possible in any way to compare symptoms with physical 
signs as regards the prognosis of our patients? 

As a possible solution to these questions the following tables have 
been worked out. Before taking up a detailed study of them, a few 
preliminary explanations may be needed. 

In the first place, 21 of our 1000 cases were not used for the reason 
that, for one cause or another, these patients did not have an admission 
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or discharge examination, or they died while in the sanatorium or 
diagnosis on the discharge record was marked “doubtful.” This leaves 
us a total of 979 cases for study. 

By the terms “Increased,” “Decreased” or “Stationary” signs we have 
reference only to rales, as they seem by physical examination the most 
diagnostic sign of tuberculosis, beside which the personal opinion of the 
examiner as to their presence or absence plays a less important réle 
than in the case of dulness or changes in breath sounds. 

The terms used under “Condition on Admission,” that is, “Incipient,” 
“Moderately Advanced,” and “Far Advanced;’ and those adopted 
under “Condition on Discharge,” that is, “Apparently Arrested” (for- 
merly “Apparently Cured’’), “Quiescent” (formerly ‘“Arrested’’) and 
“Active” (“Improved, Unimproved or Failed’’) are those adopted by this 
Association, and need not be gone into here. 

The present condition of these patients is taken from the reports of 
1918, for at the time this paper was started all the 1919 reports had not 
yet comein. The classification of “Well,” “Living,” “Dead” and “Un- 
known,” is also one adopted by the National Tuberculosis Association, 
“Well” referring to those patients who have been working for the past 
two years, while the “Living” group is largely made up of the less fortu- 
nate who have either relapsed or become chronic. This group also 
contains patients whom we know are alive but about whom we are 
unable to get any further information. Under the heading of ‘Well’ 
we have also noted the number and percentage of relapses, while under 
the heading of “Dead” the number and percentage of these deaths 
caused by tuberculosis have been reported. 

We may turn first to table 1 and seek there, if possible, the answer 
to the first of our questions, namely, do the physical signs in the majority 
of our patients increase, decrease or remain stationary during their 
treatment. In view of the fact that 675, or 69 per cent of all our 979 
cases were discharged as either ‘“Apparently Arrested” or “‘Quiescent,” 
we would naturally suppose that in the great majority of these the 
signs would clear up slightly at least, in order to have so large a per- 
centage discharged in such good condition. We find, however, the 
reverse, that is, 43.1 per cent show an increase in their rales, while only 
40.6 per cent decrease, and 16.2 per cent remain stationary. This to 
me is a difficult point to explain. | 

The. next question to be taken up is how much of an advantage it 
is to have a patient’s signs improve before he leaves the institution. 
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TABLE 1a 
Signs increased; 422 cases or 43.1 per cent of total 979 cases 


CONDITION ON ADMISSION 


CONDITION ON 
DISCHARGE 


PRESENT (1918) 
CONDITION 


NUMBER 
OF CASES 


Incipient 127 or 30.1 ) 
per cent 


Moderately advanced 
285 or 67.5 per cent 


Far advanced 10 or } 
2.4 per cent 


Apparently 
arrested 
20 
(15.7 per cent) 


(55.9 Re cent) 


(28.3 ie cent) 


Apparently 


(0.7 per 


Quiescent 
169 
(59.3 per cent) 


(20 cent) 


(80 cent) 


Well 
Living 
Dead 
Unknown 


Well 
Living 
Dead 
Unknown 


Well 
Living 
Dead 
Unknown 


Well 
Living 
Dead 
Unknown 


Well 
Living 
Dead 
Unknown 


Well 
Living 
Dead 
Unknown 


Well 
Living 
Dead 
Unknown 


Well 
Living 
Dead 
Unknown 


14 


3 relapsed 
21.4 per cent 


14 relapsed 
27.5 per cent 

9 tuberculous 
81.8 per cent 


11 relapsed 
61.1 per cent 

6 tuberculous 
75 per cent 


1 relapsed 
100 per cent 


26 relapsed 
25.2 per cent 


36 tuberculous 
85.7 per cent 


21 relapsed 
61.7 per cent 

55 tuberculous 
91.7 per cent 


2 tuberculous 
100 per cent 


1 relapsed 
50 per cent 


6 tuberculous 
100 per cent 


| 
| 
| 
| 
| 


Well 
Living 
Dead 
Unknown 


77 relapsed 
34.5 per cent 

114 tuberculous 
87.7 per cent 
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TABLE is 
Signs decreased; 398 cases or 40.6 per cent of total 979 cases 


CONDITION ON ADMISSION 


CONDITION ON 
DISCHARGE 


PRESENT (1918) 
CONDITION 


NUMBER 
OF CASES 


PER 
CENT 


Incipient 127 or 31.9 


Moderately advanced 
266 or 66.8 per cent 


Far advanced 5 or 1.2 
per cent 


Apparently 
arrested 
60 
(47.3 per cent) 


(29.9 cent) 


(22.8 bo cent) 


— 


(2.7 


Quiescent 
165 
(62.03 per cent) 


| 
| 
| 


Quiescent 
1 
(20 per cent) 


Active 
(80 per cent) 


Well 
Living 
Dead 
Unknown 


Well 
Living 
Dead 
Unknown 


Well 
Living 
Dead 
Unknown 


Well 
Living 
Dead 
Unknown 


Well 
Living 
Dead 
Unknown 


Well 
Living 
Dead 
Unknown 


Well 
Living 
Dead 
Unknown 


Well 
Living 
Dead 
Unknown 


53 


8 relapsed 
15 per cent 


8 relapsed 
25.8 per cent 


11 relapsed 
55 per cent 


5 relapsed 
17.9 per cent 


27 relapsed 
23.9 per cent 

28 tuberculous 
77.7 per cent 


10 relapsed 
31.2 per cent 

19 tuberculous 
86.4 per cent 


1 relapsed 
100 per cent 


1 tuberculous 
100 per cent 


Well 
Living 
Dead 
Unknown 


70 relapsed 
25.1 per cent 

49 tuberculous 
77.7 per cent 
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m | 388.3 
5 8.3 
1 1.7 
1 1.7 
31 | 81.6 
4 | 10.5 
5.3 
1 2.6 
20 | 69.0 
2 6.9 
Apparently 28 82.3 
5 | 14.7 | 
1 3.0 
113 | 68.5 
14 8.5 
36 | 21.8 
32 | 47.7 
13 | 19.4 
67 
(25.1 per cent) 22 32.9 
3 | 75.0 
278 | 69.8 
51 | 12.8 
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TABLE ic 


Signs stationary; 159 cases or 16.3 per cent of total 979 cases 


CONDITION ON ADMISSION 


CONDITION ON 
DISCHARGE 


PRESENT (1918) 
CONDITION 


NUMBER 
OF CASES 


Incipient 97 or 61.1 
per cent 


Moderately advanced 
61 or 38.3 per cent 


Far advanced 1 or 
0.6 per cent 


Apparently 
arrested 
42 
(43.3 per cent) 


Quiescent 
26 
(26.8 per cent) 


Active 
29 
(29.9 per cent) 


Apparently 
arrested 
6 
(9.8 per cent) 


Quiescent 
38 


(62 per cent) L 


Quiescent 
1 
(100 per cent) 


Active 


Well 
Living 
Dead 
Unknown 


Well 
Living 
Dead 
Unknown 


Well 
Living 
Dead 
Unknown 


Well 
Living 
Dead 
Unknown 


Well 
Living 
Dead 
Unknown 


Well 
Living 
Dead 
Unknown 


Well 
Living 
Dead 
Unknown 


Well 
Living 
Dead 
Unknown 


39 
1 
2 


22 
2 
2 


25 
4 


5 relapsed 
12.8 per cent 
1 tuberculous 
50 per cent 


6 relapsed 
27.2 per cent 


“2 tuberculous 


100 per cent 


10 relapsed 
40 per cent 


8 relapsed 
28.2 per cent 
2 tuberculous 
100 per cent 


1 relapsed 
20 per cent 

8 tuberculous 
88.9 per cent 


Well 
Living 
Dead 
Unknown 


30 relapsed 
25.8 per cent 

13 tuberculous 
81.3 per cent 
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By reference to the table we see that for each group “Incipient,” ‘““Moder- 
ately Advanced” and “Far Advanced,” the percentage of “Well’’ is 
higher and the percentage of “‘Dead”’ is lower for those patients whose 
physical signs have diminished; or, by looking at the summary at the 
bottom of the table, we note that of all patients showing a clearing up 
of their signs 69.8 per cent are well, while only 15.8 per cent have died 
as compared with 52.9 per cent of “Well” and 31 per cent of “Dead” 
among those whose signs have increased. It will thus be seen that a 
patient in whom the physical signs improve has proportionately a 
seven to five better chance of remaining well and double the chance of 
not dying within five to eleven years after discharge, when compared 
with a patient in whom the signs increased. 

It will also be noted that among the former patients the chances of 
having a relapse or of having tuberculosis as the ultimate cause of death 
after leaving the sanatorium are respectively 25.1 per cent and 77.7 
per cent as compared with 34.5 per cent and 87.7 per cent in the case 
of those with an increase of signs. 


TABLE 2 
Summary of present condition (1918) of 511 arrested cases 


NUMBER OF CASES PER CENT 


Increase | Decrease | Stationary Increase | Decrease | Stationary}; Total 


154 145 50 63.6 68.3 
31 18 10 12.8 ‘ ‘ 11.5 
55 38 + 22.7 19.0 

2 3 1 0.8 . ; 1.2 


242 204 65 100.0 / . 100.0 


Our third and last point to be considered is whether there is any way 
of comparing the value of symptoms with physical signs as regards 
prognosis. In order, therefore, to get some idea of the réle played by 
a change in physical signs would it not be fair to take our cases which 
were discharged as “Quiescent” or “Arrested,” divide them into three 
groups, depending on whether their signs have progressed, retrogressed 
or remained unchanged, and then compare the present condition of 
each one of these groups? ‘This will be seen in table 2. Of our total 
of 979 cases, 511 were discharged as “Arrested.” Of these arrested 
cases, 68.3 per cent were well in 1918, while 19 per cent had died and 
11.5 per cent were living. Of those with increased signs 63.6 per cent 


Well 
Living.......: 
Unknown..... 

otels 
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are well, 22.7 :per cent are dead and 12.8 per cent are living. Of those 
with decreased signs, the figures are 71.1 per cent, 18.6 per cent, and 
8.8 per cent, while for the stationary cases we get 76.9 per cent, 6.2 per 
cent, and 15.4 per cent. It will be noted that the highest percentage 
of “‘Well” and the lowest death rates are in the stationary group. This 
undoubtedly is explained by the fact that 49 per cent of patients in 
this group were without rales, and hence, as is to be expected, did very 
well. 

Table 3 is presented in order to show how a progression or a diminution 
of physical signs compares with the grand total of all our cases regardless 
of their condition on admission or discharge. The same general trend 


TABLE 3 
Summary of present condition (1918) of total 979 consecutive cases; discharged from Trudeau 
Sanatorium from 1907 to 1913 


NUMBER OF CASES PER CENT 


Decrease | Stationary Increase | Decrease | Stationary} Total 


278 124 é : 77.9 63.8 
51 17 10.7 13.3 
63 16 ‘ : 10.1 21.5 


6 2 . é 1.3 1.4 


398 159 100.0} 100.0 


will be noted as in table 2, which we have just been considering, that is, 
of those with increased signs 52.8 per cent are well, 31.1 per cent are 
dead and 14.7 per cent are living. Of those with decreased signs the 
figures are 69.9 per cent, 15.8 per cent and 12.8 per cent, while for the 
stationary cases we get 77.9 per cent, 10.1 per cent, and 10.7 per cent. 

Before closing I wish to express my appreciation to Dr. Brown for 
instituting a system of records with a follow-up system which has 
worked so satisfactorily that only 14 or 1.4 per cent of the 979 cases 
treated in this paper are untraced. 

I also wish to express my thanks to Mr. George Milan, our statistician, 
for his many helpful suggestions. 


Increase 
62 
Unknown..... 6 
Total. 


PHYSICAL SIGNS AND PROGNOSIS 


CONCLUSIONS 


1. In spite of the fact that practically 70 per cent of the patients in 
our series were discharged as “Apparently Arrested” or “Quiescent,” 
44 per cent showed an increase in their physical signs during their stay 
in the institution, 41 per cent showed a decrease, while 16 per cent 
remained stationary. 

2. Among the patients in our series in whom the physical signs di- 
minished one-third more were well, one-half less were dead, one-ninth 
less of the deaths in which the causes were known were caused by tuber- 
culosis, and there were about one-fourth fewer relapses at the end of 
from five to eleven years than in the cases of those patients in whom 
signs increased. 

3. In regard to the arrested cases 68.3 per cent are well, 19 per cent 
are dead and 11.5 per cent are living after a period of from five to eleven 
years after discharge, regardless of the change of physical signs. Of those 
with increased physical signs 63.6 per cent are well, 22.7 per cent are 
dead and 12.8 per cent are living. Of those with decreased physical 
signs 71.1 per cent are well, 18.6 per cent are dead and 8.8 per cent are 
living, while those with stationary physical signs show 76.9 per cent 
well, 6.2 per cent dead and 15.4 per cent living. 

In dealing with all cases in our series, regardless of aininalin or dis- 
charge condition, and also of physical signs, 63.8 per cent are well, 21.5 
per cent are dead and 13.3 per cent are living after a period of from five 
to eleven years after discharge. In all our cases, however, showing 
increased signs, 52.8 per cent are well, 31.1 per cent are dead, and 14.7 
per cent are living. Of those with decreased signs, 69.9 per cent are 
well, 15.8 per cent are dead, and 12.8 per cent are living, while, for the 
stationary cases, 77.9 per cent are well, 10.1 per cent are dead and 10.7 
per cent are living. 

4. Whether for arrested or for all cases, patients with stationary 
physical signs (absence of, or no change in, rales) do best, while those 
with decrease of rales do better than those with an increase. 

5. Physical signs and the symptoms cannot be compared separately 
but should be considered together in making a prognosis. 
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AN INVESTIGATION OF THE ACID FASTNESS 
OF TUBERCLE BACILLI II 


B. SUYENAGA 


From the Otho S. A. Sprague Memorial Institute and Pathological Laboratory of 
the University of Chicago 


In a previous report on this subject, I showed that rapid transfer of 
the border or younger portion of colonies of K1, a saprophytic nonviru- 
lent strain of tubercle bacilli, did not materially affect its acid fastness. 
In other words, I was unable to prove by this method that younger 
cultures are much less acid proof than older ones. I also changed the 
metabolic conditions of the culture by using different reactions, which 
had no marked effect on the acid fastness, and by non-nutrient media 
and the amoeba media used by Wherry, both of which greatly reduced 
the acid fastness without absolutely destroying it. The question 
that especially needs answer is whether, in any ‘such culture as K1, in 
which we find many acid-fast, but also many non-acid-fast bacilli, we 
have a culture consisting of two distinctly different strains or whether 
the bacilli merely differ from each other as a result of age, metabolic 
conditions or degenerative changes. If we have two distinct strains, 
one may be a mutation strain or the two may be foreign to each other 
and live together symbiotically. 

Two possible methods suggested themselves which might separate 
the non-acid-fast from the acid-fast strain, if the two existed as separate 
and distinct strains in the saprophytic culture used by me. Church- 
man had suggested that gentian violet and methylene blue, though in 
different degrees, might separate from each other Gram-positive and 
Gram-negative strains which were growing together. He showed that 
the Gram-positive strains were completely inhibited by the dyes. It was 
my hope that the same dyes might separate the acid-fast from the non- 
acid-fast strain by inhibiting or killing one of them. The bactericidal 
power of these dyes was tested on K1 and other acid-fast or partly 
acid-fast organisms, such as avian and frog tubercle bacilli and leprosy 
bacillus and on a number of non-acid-fast rapidly growing organisms 
(B. prodigiosus, B. subtilis, B. coli and Staphylococcus aureus). The 
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amount of the dye necessary to make the desired dilution was added to 
a broth culture which was then incubated for two hours and kept at 
room temperature from three to four hours. A. definite amount was 
then transferred to plain agar slants. Neither gentian violet nor 
methylene blue had any bactericidal action except on Staphylococcus 
aureus. This was killed by 1 to 10,000 gentian violet and mostly by 
1 to 5000 of methylene blue. In another experiment, B. subtilis was 
killed by gentian violet in a dilution of 1 to 1000, and B. coli and B. 
prodigiosus by a dilution of 1 to 200. In the case of the acid-fast organ- 
isms, which after exposure to the dyes were inoculated on glycerol 
agar, Ki seemed not to be killed by any dilution used, but the avian 
and frog tubercle bacilli were killed by all dilutions used of both dyes, 
the highest being 1 to 1000, while the leprosy bacillus was killed by 
1 to 500 and much delayed in its growth by 1 to 1000. A concentration 
of 1 to 100,000 of either gentian violet or methylene blue, using the 
Churchman divided plate method, seemed to have no inhibitory effect 
on the growth of any of the organisms on plain agar except B. subtilis 
and Staphylococcus aureus, while 1 to 1000 gentian violet completely 
inhibited the growth of K1, timothy bacillus, grass bacillus, mist bacil- 
lus, smegma bacillus and Bacillus subtilis and Staphylococcus aureus. 
Methylene blue, 1 to 1000, completely inhibited the growth of timothy 
bacillus and Bacillus subtilis and delayed the growth of Ki. On glyc- 
erol agar, the results are somewhat different. K1 shows no inhibition 
even at 1 to 1000 of either dye, while avian and frog bacilli are inhibited 
completely by 1 to 100,000. of gentian violet .and by 1 to 1000 methylene 
blue. Leprosy bacillus is completely inhibited by 1 to 10,000 gentian 
violet and by 1 to 1000 methylene blue. 

It was found on the divided plates that frog bacilli and avian bacilli, 
which are least acid-fast, were most susceptible to the action of the 
dyes, that they grew only on the undyed portion and that their growth 
never extended near the line separating the dyed and the undyed por- 
tions, while K1, leprosy and smegma bacilli grew entirely across the 
plate, if the concentration of the dye did not exceed 1 to 100,000. In 
order to determine whether the bactericidal and inhibitory action of 
these dyes would prove a feasible method for separating acid-fast from 
non-acid-fast organisms, cultures of Ki after exposure to gentian violet 
and methylene blue were stained by the Ziehl-Nielsen method and it 
was found that acid-fast and non-acid-fast organisms were still mixed. 


t 


528 B. SUYENAGA 


The second method which suggested itself for separating these two 
types of bacteria, which should succeed if they represent two separate 
and distinct strains, is the method used by Petroff for isolating tubercle 
bacilli from other organisms which may occur in the sputum. Ki 
culture was exposed for from ten minutes to five hours to sodium hydrox- 
ide, then neutralized and inoculated on Petroff’s egg media and on glyc- 
erol agar. Sodium hydroxide, 1.5 per cent, killed all organisms even in 
ten minutes, so that no growth occurred. Sodium hydroxide, 0.5 per 
cent, did not kill all in one hour but did in two hours. A virulent cul- _.. 
ture was also exposed to 0.5 per cent sodium hydroxide. No growth ~ 
occurred on the glycerol agar slants even after ten minutes’ exposure, 
but there was growth on all the Petroff media containing 1 to 10,000 
gentian violet, even after five hours. The mixture of acid-fast and non- 
acid-fast bacilli in the tubes, in which growth occurred after the expo- 
sure to sodium hydroxide, shows that these two types of bacilli could not 
be separated by this method and suggests therefore that they are not 
distinct strains. 

If this is true, they must probably be ‘phases in the growth of the 
tubercle bacillus. Ehrlich, Marmorek, Klein and others regarded the 
non-acid forms as merely the youngest phase in the development of the 
tubercle bacillus. Many have thought that the fatty sheath, which is 
supposed to contribute to the acid fastness of the. bacillus, develops 
later. By increasing the rapidity of the growth and thus developing a 
strain which should consist only of young bacilli I endeavored without 
success in my earlier work to show that the age of the culture had much 
to do with its staining qualities. Metabolic conditions seem, from my 
former report, to affect markedly the acid fastness of these organisms, 
since media of low nutritive value greatly diminished their acid fastness. 
Degenerative conditions due to the age of the culture and the conse- 
quently lowered nutritive value of the media may be a possible factor 
in increasing the number of non-acid fast bacilli. But that question 
has not as yet been investigated. 


CONCLUSIONS 


1. Since it has not proved possible, by the methods used, to separate 
an acid-fast strain from a non-acid-fast, it is probable that we have 
here no distinct strains, either mutation or symbiotic. 
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2. Since the marginal growth of K1 seems to contain more non-acid- 
fast organisms than the central portion and since some non-acid-fast 
organisms occur even in virulent cultures, it seems probable that the 
younger bacilli may for a short time be non-acid-fast. The question 
whether the non-acid-fast forms may be degeneration forms has not 
been investigated. 

3. Gentian violet has a stronger. bactericidal and inhibitory power 
than methylene blue over saprophytic acid-fast and some Gram-positive 
and Gram-negative organisms. 

4. There is considerable difference between the bactericidal and the 
inhibitory power of these antiseptic dyes. 

5. Of the acid-fast bacilli, the less acid-fast seem more susceptible to 
the action of gentian violet and methylene blue. 


ARTIFICIAL HELIOTHERAPY IN PULMONARY 
TUBERCULOSIS 


SELIG SIMON 
Jewish Home for Chronic Invalids, St. Louis, Missouri 


In the winter of 1917 we began the use of artificial heliotherapy on 
every patient in the tuberculosis pavilion of the Jewish Home for Chronic 
Invalids irrespective of the condition in the lungs. 

Since many of our patients were bedridden and we had only one lamp 
we were compelled to use a technique where we could expose a maximum 
number of patients in a given period. In all we have rayed some fifty 
or more patients and a résumé of our findings is the subject of this report. 

At first we gave each patient preliminary preparation consisting of 
exposure of the feet for five minutes, followed forty-eight hours later 
by a ten minute exposure of the feet and one of five minutes of the legs 
and continuing upward until reaching the chest, each new segment re- 
ceiving five minute exposures while those below received ten, fifteen, 
twenty, twenty-five and thirty minute exposures, respectively, depending 
on their distance from the segment last rayed. 

Later we discontinued this preliminary preparation and began at once 
with a five minute exposure of the front of the chest, repeating this 
every Tuesday, Thursday and Saturday until twelve five minute expo- 
sures had been given, after which we exposed the back of the chest in 
the same way and for the same length of time, at the same time increas- 
ing the anterior exposures to ten minutes. This five minute increase 
after 12 exposures was continued until fifteen minutes was reached and 
twelve exposures given for that length of time. This constituted a 
course of treatment, of 36 rayings each to the front and back of the chest, 
12 of each for five, ten, and fifteen minute periods. 

A goodly number of the bedridden patients refused to complete the 
course, largely on account of the effort and strain of being lifted from bed 
to recliner and from recliner to bed and the discomfort of dressing and 
undressing. Several showed blood streaked sputum or small quantities 
of free blood which might well have been due to the physical exertion 
and not to the rays themselves. One patient who showed good tanning 
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suddenly developed several large blebs and later pulmonary hemor- 
rhages, which was the first blood-spitting she had ever had. 

Skin reactions. The first sign of the ray, occurring within twenty-four 
to forty-eight hours, is an erythema which usually causes no discomfort 
but in certain patients manifests itself as a mild irritation of an itching, 
burning character, which gradually disappears and in most cases causes 
no further complaint. As the raying continues, the intensity of the red- 
dening increases and the latter takes on a deeper hue. This is especially 
frequent in individuals with light complexion and remains unaltered 
throughout and long after a full course of treatment, while in the ma- 
jority of the brunette type of patients the red gives way to a light tan. 
Except in a few blondes where localized patches (freckles) of tanning 
occurred, changes in the color of the skin were uniform over the whole 
surface treated. The eyes were protected by means of blue-colored 
goggles and we soon were compelled to cover the head to avoid the pe- 
culiar dry feeling of the head and hair so frequently complained of. 
It may be interesting to state that the unprotected eyes soon (within a 
few hours) show conjunctival reddening, that photophobia becomes 
marked, and that any attempt at closing the lids gives rise to a peculiar 
sensation as though someone were rubbing the eye ball with fine sand- 
paper, and sleeping is impossible. This annoying condition soon subsides 
and after forty-eight hours no trace of its presenceremains. The forehead 
after numerous exposures changes from red to tan and flaky exfoliation 
is constant. Flaking of the superficial skin of the chest occurred fre- 
quently in our series without, however, any definite regularity either as 
to number of treatments or complexion, yet more frequently in the 
blonde type. The only serious skin condition we met with was the 
case of the patient above referred to, who developed several large blebs 
over the front of the chest, on account of which we had to discontinue 
the treatment. 

Temperature reactions. We do not feel warranted in expressing any 
definite opinion except to state that the rays of themseives cause little if 
any temperature changes. 

Pulse reaction. We also were unable to find any changes in the pulse 
rate as being directly caused by the light. 

Sputum and cough. Except in rare instances these showed no varia- 
tion from what we considered usual for the particular patient before 
beginning treatment. 


532 SELIG SIMON 


General reaction. Aside from the benefit accruing from the thought 
that a new treatment was being used we could see no changes in the con- 
stitutional reaction of the patients. 

Reaction in the lungs. We feel that the degree of activity is the only 
logical method whereby we can determine the immediate effect of light 
treatment so that if, as a result of a course of rayings, a patient whose 
process was active but stationary before treatment, showed spreading 
activity, that process was probably aggravated by such treatment. On 
the other hand a patient whose process showed progressive activity, 
which improved after treatment, was very likely benefited by the rays. 
If a process showed no changes subsequent to treatment the focus was 
unaffected by the rays. 

Now many strange happenings occur with light. For example, a pa- 
tient who had resided in the sanatorium for six months and showed a 
widespread process over both lungs, fibrotic in tendency but inactive, 
was given one five minute exposure early in March of this year and forty- 
eight hours later for the first time since admission showed blood-streaked 
sputum. Again, a boy sixteen years old with an active focus in the left 
upper lobe but with negative sputum, was given treatment which totaled 
thirty-six hours; and physical examination, the screen and X-ray plate, 
as well as constitutional signs; failed to show the slightest changes either 
in the patient or his lung process. Assuming that the blood-streaked 
sputum in the first case was not coincidental but was indeed due to the 
treatment, we find it difficult to understand how, according to the theory 
of Petersen, a change in the ferment-antiferment balance could bring 
about so violent a reaction while in the second case no reaction took 
place. It may of course be presumed that in the first case the tubercu- 
lous foci were numerous and but weakly invested and only a minimum of 
change in the ferment-antiferment balance was needed to bring about a 
definite though undiscovered change in the lungs, while in the second 
case the focus was so well invested that no amount of rays was sufficient 
to upset this balance. And if we subscribe to Petersen’s conception, 
then light like tuberculin, or iodides, brings about the same changes in the 
tuberculous focus; and from it we postulate that destructive and degen- 
erative, not constructive and reparative processes, ensue, since we have 
never seen active tuberculosis of the lungs improve either under tuber- 
culin, iodine or iodide therapy. But while light rays, physical in their 
nature, may bring about changes in the body through a mechanism simi- 
lar to that of drugs or bacterial products, certain phenomena peculiar 


} 
i 
if 
if 


ARTIFICIAL HELIOTHERAPY 533 


to themselves differentiate the effect of such rays and place this form of 
therapy in a class by itself. It is to this particular phase of the subject 
that attention should be directed. Artificial heliotherapy in lung tuber- 
culosis is not curative nor can one say it is reparative; but we believe it 
does that which nothing heretofore has done so well, namely, it convinces 
us that patients whom we have been led to believe have reached a stage 
of quiescence are safe for return home and for work; for we have yet to 
have a patient discharged as recovered, who has been subjected to the 
lamp treatment, return to us, and as far as we know to any other 
institution. 

Another distinct value of the lamp is its aid in proving the absence of 
“suspected tuberculosis,” of “doubtful tuberculosis,” of “incipient tu- 
berculosis” that does not exist. On the other hand our experience forces 
us to believe that in definitely proved tuberculosis, activity is in many 
cases aggravated and inactive lesions reactivated. 

We do not wish to be understood as condemning the treatment since 
our experience with it is comparatively small and our knowledge of its 
action immature; but our observations from a purely clinical standpoint 
on some 50 to 60 patients lead us to believe that it holds out little hope 
as a curative agent in lung tuberculosis. 


INFLUENZA AS A FACTOR IN THE ACTIVATION OF 
LATENT TUBERCULOSIS! 


LOUIS C. BOISLINIERE 


Saint Louis, Missouri 


During the pandemic of 1889 and 1890 the late Dr. William C. Glas- 
gow (1), of St. Louis, with whom I was associated, called attention to the 
frequency with which active tuberculosis followed influenza, and con- 
cluded that lungs which did not clear up within eight or ten weeks after 
the attack of grippe were in many cases actively tuberculous. Influ- 
enced, therefore, by our experience in this former epidemic, we were 
desirous of observing whether the same phenomenon would recur, and, 
if so, to what extent in the more recent pandemics. 

Early in December, 1918, while the disease was still raging in our 
city, we encountered active tuberculosis in a number of people, who 
had been seized with influenza only a few weeks previously, a large 
percentage of whom stoutly asserted that they had always maintained 
their usual standard of health up to the time of their grippal attack. 

In this investigation of the subject, it is my intention to consider 
solely those phases of the influenzal infection and consequent tubercu- 
lous disease occurring among those who, previous to their influenzal 
attack, had never manifested any signs or symptoms of active tubercu- 
losis, but, on the contrary, had always maintained, in so far as could be 
accurately ascertained, their normal standard of health and pulmonary 
integrity. 

By latent tuberculosis, therefore, is meant that period of infection 
from the time of its implantation and circumscription to the time of 
the supervention of active tuberculous disease. Cases of known tuber- 
culosis, that have been excited to renewed activity, or in whom the 
already existing activity has been aggravated, are not considered. 

Is influenza a frequent and potent factor in the causation of active 
tuberculous disease in those previously free from it? As this is pri- 
marily a question of fact, a few observations, statistics and opinions are 

1 Read before the Clinical Section of the Sixteenth Annual Meeting of the National 
Tuberculosis Association, Saint Louis, Missouri, April 23, 1920. 
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submitted with the hope of establishing the thesis and eliciting from 
others their experience in this regard. 

Four hundred and nine cases of proved active tuberculosis in all 
stages were admitted to Mount St. Rose Sanatorium from January 1, 
1919, to March 25, 1920, a period of fifteen months. Of this number 
97 or 24 per cent gave a history of influenza during the pandemic of 
1918 and 1919 or the epidemic of 1919 and 1920. Of these 97 who had 
had influenza, 62 or approximately 62 per cent gave a history of previ- 
ous health prior to their influenzal attack, and attributed the tubercu- 
losis thereto. Thus in 15 per cent of all cases admitted during that 
period active tuberculosis was the direct result of an influenzal attack. 

In private and consulting work, 22 per cent of those giving a history 
of influenza were actively tuberculous. All doubtful cases are excluded; 
all had positive sputum in both series. In ten of the cases in private 
practice the pulmonary status was personally and accurately known 
and recorded by previous physical examinations as being free from 
pulmonary disease prior to their influenza. The apparent discrepancy 
in these statistics is readily accounted for by the fact that those, who 
are admitted to Mount St. Rose, are already advanced or at least frankly 
tuberculous, whereas many of those, seen in private work, exhibited 
simple post-grippal, nontuberculous symptoms. Of great and -cogent 
value is the experience of Captain Robert S. Berghoff (2), who accu- 
rately knew the pulmonary conditions before and after the influenzal 
attack. “Of thirteen cases of healed and quiescent tuberculosis, present- 
ing at no time evidence of moisture or positive sputum, six cases or 
approximately 50 per cent showed a reactivation and positive sputum 
after an attack of influenza.” 

W. D. Tewksbury (3) states that in four months, from December, 
1918, to March, 1919, 104 patients were admitted to the tuberculosis 
hospital at Washington. In 27 there was a history of apparent health 
previous to the influenza. ‘Therefore over 25 per cent of the cases 
admitted were the direct sequelae of influenza. In the Health Depart- 
ment Clinic and in private practice 102 were examined, of whom 37 
were tuberculous. “On account of the history of perfect health before 
the influenza, the conclusion is irresistible that this entire series of 64 
cases of pulmonary tuberculosis was due to a lighting up by the influ- 
enza of old healed tuberculousfoci in the lung orhilum. . . . They 
were in perfect health when struck down by influenza.” 


536 LOUIS C. BOISLINIERE 


In a personal communication, Dr. Edward R. Baldwin says, “ Judg- 
ing from my histories, however, there were in 200 cases from September 
1, 1918, to January 1, 1920, 52 cases who attributed the beginning of 
their tuberculosis, or aggravation of it, to the influenza.” 

In a similar communication Dr. S. A. Newman, Medical Director of 
Missouri State Sanatorium, writes, “‘Without going fully into the rec- 
ords, I could state that 40 per cent of our applicants date their tubercu- 
losis from an attack of influenza in 1918 or 1919. Many of them gave 
no history of tuberculosis prior to the influenzal attack, but in the 
history obtained some of them indicated that they had the disease in a 
quiescent or arrested condition, and that the disease was reactivated by 
an attack of influenza.” 

Doctor Martin F. Sloan, Medical Director, Eudowood Sanatorium, 
Towson, Maryland, in a personal letter, states, ‘‘Our census report from 
October 1, 1918, to August 30, 1919, shows that 151 patients were 
admitted; 44 or 20 per cent had had influenza; 7 of the 44 were known 
to have had tuberculosis prior to having had the influenza; 11 had had 
symptoms at one time or another, though no diagnosis had been made; 
26 or 19 per cent had had no evidence whatever of clinical tubercu- 
losis prior to the influenza. I have not analyzed our figures since then, 
but believe that they will parallel pretty closely the figures given. 
I am quite sure that the recent pandemic of influenza has had a decided 
influence on latent tuberculosis and, unfortunately, the gravity of the 
situation is not appreciated by the average physician.” 

Of course, a definite percentage of the cases of latent tuberculosis, 
activated by the recent epidemics of influenza, cannot be given with 
precision, simply because the incident is not as yet closed, as we are 
still encountering cases of active tuberculosis of indubitable influenzal 
origin, dating back to the pandemic of 1918, as well as to that of 1919- 
1920. Unfortunately many of these cases have suffered irreparable 
damage before the condition was recognized. Lulled into a feeling 
of false security, many of them have been considered as “the remains 
of influenza,” ‘‘post-influenzal lungs,” that would clear up in time, 
until the tuberculosis is so apparent that he who runs may read. We 
are not ready to abandon our established standards of physical diag- 
nosis of active tuberculosis, because in our application of them to certain 
post-grippal lung conditions we meet with some confusion, and may be 
led into occasional error in diagnosis. If our regular standards of 
diagnosis obtain in any given case, they should be considered as con- 
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clusive unless vitiated by overwhelming counter-evidence. Cautious 
application, not renunciation, of our proved methods of diagnosis, 
coupled with watchful waiting, should be our course. The question of 
active tuberculosis consequent upon influenza is a question of clinical 
fact, and can only be settled definitely by data obtained from clinicians 
engaged in tuberculosis work. Health surveys and mortality statistics 
may well give the incidence of influenza and tuberculosis, but the nexus 
can only be passed upon by those competent to establish it. A con- 
servative estimate based upon the experiences cited above and gleaned 
from the literature at home and abroad, and from conversation with 
many of the leading men of the country engaged in tuberculosis work, 
leads us to conclude that from 15 to 20 per cent of the new cases of 
active tuberculosis, presenting themselves since the onset of the influ- 
enza epidemic of 1918 to the present time, were caused by the influenza, 
and that the incidence of active tuberculosis has increased to the same 
extent during that period and on that account. | 

The profession should be keenly aroused to this prevailing condition; 
for truly “the gravity of the situation is not appreciated by the average 
physician.” 

The incidence of active tuberculosis consequent upon influenza may 
vary in certain groups of cases. It may be that this incidence will be 
found to be less in those who possess great racial resistance or have 
acquired a higher degree of immunity by virtue of repeated mild activi- 
ties than in those who, in so far as can be ascertained, have never experi- 
enced any activity at all. 

We fully agree with the opinion that some of the cases, precipitated 
into tuberculous activity by the influenza, may have been previously 
active; that in some the activation may have been coincidental and not 
interrelated with the attendant grippe; that a few, through mistaken 
diagnosis, may not have been influenzal at all; nevertheless the pre- 
ponderance of evidence indicates that most of these cases, having always 
experienced their usual health prior to the influenza, would, in all prob- 
ability, have entirely escaped active tuberculosis, had it not been for 
the epidemic. 

Whether we classify some of these cases of previously unrecognized 
tuberculosis as ‘“‘healed,’’ because of demonstrable fibrous tissue, is a 
matter of conjecture, opinion and terminology. The amount of fibrotic 
tissue demonstrable, however much it may be an index of tissue reaction, 
cannot be taken as an accurate gauge of preceding disease nor as a 
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harbinger of increased pulmonary liability. On the contrary, the 
infection remains latent because it has been circumscribed, englobed or 
enmeshed with avascular tissue forming an impasse between it, the 
circulation and tissue juices of the lung, which is safeguarded in direct 
proportion to the effective emplacement of this tissue. ‘‘The patient 
is as resistant as the shell of his tubercle,” says Krause (4). The effec- 
tiveness of the capsule depends upon the optimum, not the maximum, . 
development of fibrous tissue, says Bushnell (5). The continuance of 
latency depends also on two other factors, specific resistance evoked by 
the infection, and the general well-being of the individual.’ It is our 
purpose to endeavor to show that all these defenses are subjected to 
violent and direct assault by the influenzal affection. An appeal has 
been made to these fundamental, but established observations, solely 
for the purpose of laying down for our thesis incontestable and accepted 
premises from which to deduce our conclusions. 

Pulmonary hyperaemia, probably more intense in the vicinity of this 
inferior tissue, is the method of attack against the protective wall. 
That influenza, even when uncomplicated by the pneumonias, is fre- 
quently accompanied by intense “congestion” of the lungs, is a clinical 
fact and was completely established roentgenologically by Honeij (6). 
The large number of cases of latent tuberculosis precipitated into activ- 
ity, cases which must have withstood for years many severe conges- 
tions, suggests the conclusion that the congestion and inflammatory 
exudations of influenza, more so than other congestions and exudations, 
even those of ordinary basic lobar and bronchopneumonias, directly 
tend to overcome the protective barriers. Whether it be that this 
particular congestive hypertension is mechanically more intense or 
carries with it to a greater degree quasi-lytic elements or in some way 
stimulates the incarcerated bacilli to unusual agressive virulence, we do 
not know; but the conclusion, based on clinical observation, that influ- 
enzal pulmonary congestion and exudation are more frequently followed 
by active tuberculosis than other congestions and exudations, is both 
reasonable and justified. 

The complete disappearance or temporary suppression of the Pirquet 
reaction in influenza indicates that the reactive mechanism does not 
function as it did before the attack, and this functioning is usually 
interpreted as evidence of the presence of an actively working resistance, 
specific immunity, antibodies, as you choose. Pirquet observed in 
children that the response by the reacting mechanism to the cutaneous 
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application of tuberculin, the allergy, previously present, disappeared 
or was greatly diminished during an attack of measles, thus giving a 
reasonable explanation of the established fact that active, not infre-’ 
quently generalized, tuberculosis more often follows measles than the 
other exanthemata. On account of the temporary abeyance of allergy, 
measles, in children at least, can be called an anergic disease. Now this 
condition or status of anergy, or disappearance of allergy, has been 
shown to be present during an influenzal attack in adults as well, in the 
same manner and in the same or even to a greater degree, as in measles 
in children. Debré and Jacquet, (7), after a careful review of the work- 
of others and from their own personal investigations, conclude that 
influenza can awaken active tuberculosis previously latent, and that 
this phenomenon is intimately bound up in the anergic properties 
of grippe. They characterize influenza as a “maladie anergisante.” 
Schiff (8) found that out of 64 cases of influenza in children from six to 
sixteen years of age, 61 gave a negative Pirquet test and concludes 
that the Pirquet reaction, with few exceptions, results negatively in 
influenza. The time of its return to normal varies with the individual. 
It may still be negative in the fourth week the same as in measles. 

It is significant to note in this connection that Marquio (9) encoun- 
tered in one month the unusual number of 23 cases of tuberculous 
meningitis in children from six months to fifteen years of age, all of 
whom had had influenza from a few days to two or three months before. 

Bloomfield and Mateer (10), of the Johns Hopkins Hospital, in 19 
consecutive cases of influenza, none of which showed any evidence of 
tuberculosis, found that only one gave a positive Pirquet reaction; all 
the rest were negative. Max Berliner (11) found the same diminution 
of positive Pirquet tests in a large number of adults with influenza, his 
investigation being prompted in view of the large number of latent 
lesions stirred up by the grippe. ; 

One investigator, Mueller (12), in verifying Berliner’s work, does 
not wholly agree with him, but concludes that the predisposition to 
tuberculosis following the grippe is due to the general run down condi- 
tion, which will also account for the increased number of negative von 
Pirquet reactions found, according to him, only in complicated influenza. 

All this tends to prove that the same lowering of specific resistance 
to tuberculosis, attending measles in children, accompanies and follows 
influenza in adults as well. The analogy in this particular is complete; 
what is true in the one can equally be predicated in the analogue. 
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These investigations suggest what has been noted before (13), namely. 
a possible biologic and epidemiologic analogy between measles and 
influenza. 

To the profound prostration that accompanies and follows influenza, 
all who have experienced an attack will amply testify. Sir Thomas 
Watson in 1836 characterized grippe as a disease in which “‘the great 
subdual of strength is markedly disproportionate to the amount of 
sickness.” 

Therefore the local bulwarks of the encapsulated tubercle being 
definitely attacked in situ, the specific immunity markedly lowered and 
the general resistance immeasurably subdued, is it astonishing that 
active tuberculosis should so frequently supervene upon influenza, 
which so directly attacks and violently assaults each and every defense, 
that nature has so elaborately constructed against its occurrence? 
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THE SURGEON AND THE CONSUMPTIVE! 


ETHAN A, GRAY 
Chicago 


It has been the writer’s experience that not infrequently active pul- 
monary tuberculosis is seen in patients who give a history of having 
recently had an operation, which, in most cases, was done for the relief 
of conditions which, in themselves, would suggest tuberculosis elsewhere 
in the body, namely, cervical glands, cold abscesses, tuberculous joints, 
ischiorectal abscess and fistula, orchitic tuberculosis, tuberculosis of the — 
prostate or kidney, etc. 

Further, it has been noted that the history of these cases often con- 
tains no mention of pulmonary tuberculosis prior to the operation. 
But, following operation, for the first time, comes the story of persistent 
elevation of temperature and increasing cough. It has been our experi- 
ence that the case progresses (in the wrong direction) some distance 
before it occurs to the surgeon to seek for his temperature source in the 
lungs. 

The cough has often been attributed to bronchitis incident to anaes- 
thesia, also to having “caught cold.” It is the custom, and a proper 
one, to protect the operated patient from chill, and to prevent the 
inhalation of cold air. The short period following the operation, when 
these precautions may be necessary, would in itself be of no great mo- 
ment in the course of a tuberculosis. But, added to the post-operative 
period we have an indefinite term of sojourn in a closed room, so that 
the patient, with a beginning lesion, let us say, is compelled to breathe 
warmed over and vitiated air to his own undoing. But even this can 
hardly be held accountable for the rapid pulmonary conflagration which 
we so often find in these cases. What other factor may we suspect in 
this connection? What but the anaesthetic? 

We note that the class of cases here discussed gives a history of ether 
anaesthesia, few or none of chloroform administration and absolutely 
none of local anaesthesia. However, before instituting an attack on 
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etherization, it might be well to review our knowledge of ether and its 
effects on the respiratory apparatus. Wood (Therapeutic Principles 
and Practice, p. 87), says, “‘Locally, ether is a violent irritant. It is 
absorbed with rapidity through the mucous membranes both of the 
lungs and the gastrointestinal tract. When taken, it.is eliminated, 
largely unchanged by the lungs.” 

On page 108 Wood says, ‘‘The existence of severe organic disease of 
the lungs seems to be a less serious bar to the use of anaesthetics than 
would be naturally expected. The irritant local action of ether is an 
important element when the lining membrane of the tubes or air vesicles 
is seriously implicated.” ‘‘Indeed, our own opinion,” says Wood, “‘is 
very positive that in some of the deaths which have occurred in persons 
with diseased kidneys, from oedema of the lungs, directly after etheriza- 
tion, the cause of death has been the local irritant action of the ether (ital- 
ics the author’s). In a footnote, p. 108, Wood mentions ether-pneu- 
monia and comments on its frequency. He quotes R. Hoelscher, whose 
research led him to the conclusion that the pneumonia is really due to 
the inhalation of bacteria from the mouth into the lung, and that, dur- 
ing etherization, there is practically no irritation of the mucous mem- 
brane by ether: further, that the rAles heard during narcosis are due 
to the inhalation of saliva, which may be largely avoided by lowering 
the head, turning it to one side, and keeping the mouth as free as pos- 
sible from the secretion. Any mechanical obstacle, according to 
Hoelscher, greatly increases the likelihood of inspiration of saliva and 
the consequent danger of pneumonia. Wood considers that Hoelscher’s 
work does not disprove the deleterious effect of the irritant effect of 
ether. 

Again, p. 108, Wood remarks that chloroform should be the anaes- 
thetic of choice in the presence of advanced pulmonary phthisis, extreme 
emphysema or in chronic bronchitis; also, p. 109, that anaesthetics are 
especially badly borne when there is acute or subacute pulmonary 
disease. 

Gwathmey (Anaesthesia, 1914, p. 248), says, “In lung and kidney 
disease, bronchitis, phthisis, etc., patients do better with some other 
anaesthetic than ether.” On p. 185 he says, “It is agreed that ether 
has a powerful, stimulating effect upon the respiratory system in the 
earlier stages of its administration. Ether exercises a pronounced 
irritating effect upon the air passages which gives rise to a free secretion 
of mucus.” 
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On p. 186, commenting on the result of the experimental narcosis of 
25 healthy rabbits, he says, ‘‘In seven animals which survived, at most, 
half an hour in the narcosis, nothing pathological was found, and the 
vessels contained only normal, undeformed, well stained blood corpuscles. 
When the narcosis even slightly exceeded half an hour, more or less 
numerous blue stained granules were found within the vascular lumina, 
especially in the subpleural small vessels of the lung attached to the 
vascular walls. The red cells were, for the most part, perfectly normal 
only in the centre, but deformed, granular and disintegrated toward the 
vascular wall.” As the narcosis continued, further disintegration was 
seen. ‘These changes occurred chiefly in the fine vessels of the lung. 

Gwathmey quotes Mulzer, who regards the blood changes noted in 
the anaesthesia experiments as due to the circulating ether. Mulzer 
notes that the number of red cells is considerably diminished after 
narcosis, while the configuration of the erythrocytes plainly indicates 
the destructive influence of the narcotic agent (ether). 

Gwathmey also says (p. 189), ‘Because of the stimulating and irritat- 
ing effects of ether upon the mucous membranes of the upper air pas- 
sages, trachea and bronchi, there is always a hypersecretion of mucus, 
which, in some cases, amounts to a mucus inundation. This may give 
rise to a fatal asphyxia and is, presumably, one of the causes of post- 
anaesthetic bronchitis and pneumonia.” 

J. M. Patton, in his Anaesthesia and Anaesthetics (1907), says on p. 
104, ‘Bronchitis, usually mild in degree, is not uncommon after ether- 
ization, particularly in predisposed subjects, or after prolonged adminis- 
tration.” 

Pneumonia is more frequent after etherization than was formerly 
thought. According to Anders, it amounts to } of 1 per cent. “In 
the lobular pneumonia, caused by ether and which is most frequent, it 
is likely that the extra secretion of mucus, the interference with the 
action of the respiratory muscles and the diaphragm, especially in 
abdominal operations, the pain and coughing, all favor the occurrence 
of aspiration pneumonia, as suggested by Czerny.” None of the 
authorities consulted trace a connection between the etherization and a 
subsequent exacerbation of a latent tuberculosis. 

It will be noted from a perusal of the foregoing, that the authors 
cited agree that an excessive flow of saliva or a great mucus flow in the 
bronchial tract may be produced by the use of ether. It will also be 
seen that more than one author mentions aspiration of the mucus or 
salivary secretion. 
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If, now, an open tuberculosis exists, what could be more easy than 
that this excessive amount of fluid in the air passages carry with it 
tubercle bacilli into the deeper reaches of the lung? And, as we rarely 
find tubercle bacilli in the sputum unaccompanied by streptococci and 
other bacteria, ought we not expect the fever which so promptly occurs 
in these cases? We have, also, in addition to the period of etherization, 
the period of elimination to reckon with. All of us are familiar with 
the ether-laden breath many hours after operation. Does not the 
ether continue its deleterious influence during elimination as well as 
during inhalation? Ether is given off from the blood and exhaled 
through the lungs. It is not conceivable that the extensive pulmonary 
involvement found so often after operations where ether is used, espe- 
cially where the operations are done-for tuberculous conditions, should 
have escaped the eyes of the surgeon, his assistants, or the family phy- 
sician. The only presumption is, therefore, that an enormous amount 
of lung was infected by the above mentioned mucus inundation which 
was bacillus laden. 

It must not be forgotten that operations are often performed on 
tuberculous individuals where the anaesthetic is other than ether. 
Chloroform has not the same effect on the mucous membrane as ether. 
Nor is it eliminated through the lungs as is ether. It is decomposed in 
the system and is excreted in great part through the kidneys. I do 
not lose sight of its danger to the heart, nor to its possible damage to 
the liver, from long continued administration. I merely state that its 
use is not followed by the pulmonary lighting up in the tuberculosis 
which we so often see. It requires no array of cases to prove the cor- 
rectness of these premises which will be attested by every worker in 
tuberculosis. 

Recently some attention has been given to the matter of ether anaes- 
thesia by rectal injection. Dufourmental (Press medicale, February 10, 
1910) concludes from his own experience and that of others, that rectal 
anaesthesia, for the tuberculous, does not irritate the rectal mucosa. 
This method, however, does not do away with pulmonary elimination. 
Further Dufourmental urges the surgeon to use some anaesthetic, 
other than ether where possible, in the suspected case, to use as little 
anaesthetic (ether) as possible, and to terminate the operation as soon 
as possible. 

This paper is written to call the attention of the surgeon, (1) to the 
importance of making, or having made, a careful examination of the 
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chest in all cases preparatory to operation, (2) to the advisability of 
deferring operations (where possible) in all cases where the lung findings 
are suspicious, (3) to the fact that every patient presenting himself for 
operation for the relief of a tuberculous condition should be suspected 
of pulmonary tuberculosis until proved beyond question to be free from 
such disease. : 

And, in closing, it is urged that acute pulmonary tuberculosis must 
be recognized as a possible sequel to operation unless the points above 
adduced are given their true value. On the surgeon, therefore, should 
be placed the onus of this problem. 
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SILENCE IN THE TREATMENT OF PULMONARY 
TUBERCULOSIS 


S. W. SCHAEFER 
Colorado Springs, Colorado 


At practically every meeting of the National Tuberculosis Association 
the question of rest and exercise in the treatment of pulmonary tubercu- 
losis comes up. While the great majority of phthisiologists recognizes 
the value of rest, some of our prominent specialists even now claim that 
bed rest should be used only when the patient’s temperature is over 
100.5°F. Luckily, I believe, this view is not generally held; if it were 
the treatment of pulmonary tuberculosis would be put back more than 
a score of years. However, even those who appreciate the value of rest, 
differ considerably as to the intensity and the duration of its application. 

The historical, experimental and clinical foundation for the use of 
absolute rest has been well summarized in the papers of Kinghorn (1), 
Bushnell (2), Pratt (3) and in a previous paper by myself (4), but it 
would seem well to quote here-some of the results of these experimental 
data. Krause (5) claims that a person’s resistance to tuberculosis is 
that person’s power to form scar tissue around a tuberculous focus of 
such density and completeness that the focus is entirely cut off from the 
circulatory system. If this be correct—and Krause has brought very 
effective arguments and proofs in favor of it—the researches of Tendeloo 
(6) point out the rationale of rest. He has shown that a chemical 
irritant injected into normal lung tissue produces a central necrosis, 
surrounded by areas of different degrees of inflammation, and outside 
these a zone of scar tissue formation. In tuberculosis, scar tissue is like- 
wise formed by the reaction of the lung to the irritation of the toxins of 
the bacilli. These toxins cause the most efficient formation of scar tissue 
at a certain optimum distance; if the parts are constantly moving the 
optimum distance will be distributed over a greater area of tissue, but 
since it is not concentrated at any given point, the scar tissue formation 
will be diffuse, but less effective and less complete. ‘Therefore, the 
quieter the lungs are kept, the more efficient and more localized will be 
the scar tissue formed. 
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Tendeloo has also emphasized the fact that the diseased portion of the 
lung contains more lymph and expands less than the surrounding healthy 
lung, and he believes that the tuberculous process in the lung is spread 
by the aspiration of lymph from the diseased focus which presumably 
contains tubercle bacilli and toxins. If the lung is brought to complete 
rest, the flow of lymph through the tuberculous focus is very much di- 
minished, with a consequent decrease of nutritive substances to the dis- 
eased area and the accumulation therein of tuberculous toxins which 
definitely retards the growth of the bacilli. 

According to Tendeloo, also, the respiratory changes in volume of the 
lung are least in its suprathoracic and paravertebral sections; that is, 
the apical and hilum portion of the lungs move less than the basal and 
peripheral portions. And it is a well known clinical fact that a lesion 
in the base of the lung is much more serious and heals much more slowly 
than one located elsewhere. 

With clinical experience supporting these ideas, the use of bed rest 
has increased tremendously in the last few years and with its use the 
results are becoming more favorable. But for certain patients even 
absolute bed rest, with or without postural treatment, is not sufficient; 
and unless they are able to take artificial pneumothorax or willing to 
submit to an extrapleural thorocoplastic operation, they seem doomed. 
Of course, there are many cases who, on account of a bilateral lesion or 
adhesions on the diseased side, are unsuitable for pneumothorax or un- 
willing to be operated upon. In trying to find some means further to 
immobilize the lungs of these patients I remembered several patients 
with an involvement of the larynx who had not been allowed to talk for 
several months, and whose pulmonary condition during this time showed 
greater improvement than it had before or since. It occurred to me that 
it was not necessary to have a laryngeal involvement in order to put a 
patient on the “silent bed cure.” A priori this method should prove 
of value in the treatment of individuals of several classes: 

1. Patients with pulmonary lesions who have not. made satisfactory 
progress on the ordinary regimen of rest and who are unsuitable for op- 
erative procedures. 

2. The alert talkative patient who although in bed exercises his lungs 
more than he would in walking a short distance. 

3. The nervous excitable patient in whom conversation is most apt 
to upset his central nervous system already impaired by the tuberculous 
toxin. 
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With these ideas in mind, this treatment was tried on several moder- 
ately advanced and far advanced cases with results which indicate the 
wisdom, even the need, of paying more attention to restricting the 
amount of talking in which patients are allowed to indulge. 

The results in some of these cases are most striking. One patient, a 
school teacher, had been in bed for three months with no improvement. 
Almost immediately after she was put on absolute silence her tempera- 
ture became lower and she improved in every way. Probably a more 
striking illustration is that of a graduate nurse who recently came from 
Illinois with far advanced disease. She began to improve almost at 
once. Then, in order to reduce expenses, she moved to a porch with 
another young lady. Although she had been warned to talk as little 
as possible she at once grew worse; her fever became higher, cough and 
expectoration increased, and the night sweats which she had not had 
since the first two nights after her arrival, returned. After a couple of 
weeks she was again moved back to a single porch and the change in her 
condition was immediate and marked. This tendency to talk seems to 
me to be the great drawback to the ward and leanto system in the treat- 
ment of pulmonary tuberculosis. 

All patients when first seen are warned against excessive talking. If 
the examination indicates a critical condition, or if after a fair trial of 
absolute rest in hed there is no improvement, the patient is advised to 
, stop talking and to use a pad and pencil to make known his wants. It 
is often surprising to see how very soon the temperature and pulse as- 
sume a lower level, and the general condition of the patient improves. 
As soon as the temperature has reached normal and remained so for two 
or three weeks, the patient is allowed to talk for five minutes a day, and 
this time is very gradually increased as the patient’s condition warrants. 

Our patients who do least well, and in whom this silent treatment is 
most often indicated, are those with lesions involving the base of the 
lung. According to Tendeloo the base moves more than any other 
part. Most people use abdominal breathing in talking, and it is appar- 
ent that the basal portion of the lungs are expanded much more in talk- 
ing than in quiet breathing. I have tried to find tables showing how 
much more work the lungs do in talking than when at rest, but have 
been unable to do so. However, that such is the case—both an increase 
in rate and in degree of expansion—must be evident to any one. In 
looking up the literature I have been able to find only two references as 
to the value of silence, namely an article by E. E. Prest in the London 
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Lancet of April 3, 1909, and one by C. Q. Thompson in the Southern 
Medical Journal, February, 1919. 

The great objection to the use of silence is its effect on the mental 
condition. On the other hand, the advantage of silence is not solely 
due to the localized effect on the lung but also to the lessening of general 
bodily fatigue and the absence of mental excitement. The treatment re- 
quires the most careful supervision and encouragement of the patient 
by the physician; but if the physician has the absolute confidence of the 
patient, with the judicious use of psychotherapy and the improvement 
in the patient’s condition apparent to him, the mental attitude will 
improve along with the physical condition. 
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FEW PRISONERS WITH TUBERCULOSIS IN 
MASSACHUSETTS PRISONS 


This summer, Sanford Bates, the Commissioner of the Department of 
Correction, of the State of Massachusetts, secured the codperation of 
the Department of Public Health, Division of Tuberculosis, for the 
purpose of examining the inmates of all the prisons in the State of 
Massachusetts. 

Tuberculosis experts from the four State tuberculosis sanatoria, under 
the direction of Dr. William J. Gallivan, Director of the Division of 
Tuberculosis, examined all of the inmates, 1571 in number, in fourteen 
of the state and county prisons. The population of these prisons ranged 
from 5 to 510 each. ; 

The result of this examination has just been announced and is a re- 
markable showing. Only 7 out of the 1571 prisoners were found to have 
active tuberculosis, one healed and 52 under observation. These 
seven active cases were transferred promptly to the prison hospital for 
treatment. 

It is interesting to note that none of these active cases was found 
in the state institutions. They were all in the county institutions. 

The inmates of the Reformatory for Women and the Bridgewater 
State Farm were not examined as these institutions have consumptive. 
colonies. | 

The inmates in two of the Houses of Correction were not examined 
as it was not desired by those in charge. The balance of the Houses of 
Correction, not mentioned in the 14, were closed. 

S. H. STONE, 
Secretary Boston Tuberculosis Association. 


August 12, 1920. 
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STUDIES ON IMMUNITY TO TUBERCULOSIS 


A DESCRIPTION OF GRAPHIC RECORDS OF THE LOCAL ALLER- 
GIC AND IMMUNE REACTIONS TO TUBERCULOUS 
REINFECTION IN GUINEA PIGS 


ALLEN K. KRAUSE anp DOROTHY PETERS 


From the Kenneth Dows Fund for the Study of Tuberculosis, of the Medical Clinic of the Johns 
Hopkins Hospital and University 


The essence of the Koch phenomenon is a rapid ulceration followed 
by a slough and healing wound at the point of reinoculation of tubercle 
bacilli. To this sequence of events, and this only, should the term be 
applied. Inasmuch as animals in which the phenomenon occurred 
were observed to contract relatively little or no tuberculosis in conse- 
quence of their reinoculation, it was supposed that the phenomenon 
was a manifestation of immunity. This conception is undoubtedly 
correct. 

Early writers believed that the nonprogression of lesion, due to re- 
inoculated bacilli, occurred because the latter were completely evacuated 
by the slough. To this view later observers, like Besancon and Serbonnes 
(1) adhere. However, no student, who has to any large extent practised 
reinoculation on guinea pigs, can have failed to notice that under certain 
circumstances reinfection need not be accompanied by sloughing, yet 
immunity in such animals proves to be undoubtedly high. In these 
instances the failure of the reinfection to progress obviously cannot be 
due to an elimination of bacilli by sloughing. 

Several years ago Rist and Rolland (2) gave it as their experience 
that reinoculation of the guinea pig’s skin could be followed by one or 
another of three different types of lesion, namely, (1) the phenomenon 
of Koch, (2) an ecchymotic oedema terminating in a chancriform ulcera- 
tion, and (3) lesions which were similar to those of a primary infection 
except that they appeared earlier and developed more rapidly than the 
latter. Our own experience would not lead us to separate sharply all 
the possible grades of reaction to reinfection into three different types. 
We believe that there may occur every shade from the most transient 
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and slight inflammation to one that is most violent, and rapidly necrotiz- 
ing and hemorrhagic. In a long experience we have observed the skin 
reaction to reinfection run this entire scale. 

With the recognition of cutaneous allergy those who were familiar 
with tuberculo-immunology were not slow to appreciate it as the motive 
force behind the Koch phenomenon. In their memoire Rist and Rolland 
assimilate the two. As a matter of fact, the local skin manifestations 
can be obtained without the application of tubercle bacilli to the skin. 
Necrosis, ulceration and slough may follow the introduction of tuberculin 
if the dose is large enough and the animal is hypersensitive enough. 
One of us has observed this intense result not infrequently in guinea 
pigs and twice in human beings. 

Dosage of antigen plus degree of hypersensitiveness determine the 
character—the rapidity, the vigor, the ultimate effects—of the allergic 
skin reaction to tuberculin (3). And the same factors influence the 
skin reaction to the application of tubercle bacilli. 

To-day every physician is familiar with the phenomenon of cutaneous 
allergy, as expressed in the inflammatory response to the superficial 
application of tuberculin, 4 la Pirquet, in a tuberculously infected in- 
dividual. He recognizes that because of some tuberculous focus, mani- 
fest or concealed, the latter’s tissues have acquired a new reacting 
capacity to a product of the bacilli. Most physicians are also aware 
that all existing tuberculous infection raises an individual’s resistance 
to reinfection. But, although not a little has been written on the subject, 
it is questionable whether, except among those who are engaged in 
experimental work in tuberculosis, it is widely appreciated how inti- 
mately allergic phenomena enter into the series of events that follow 
the application of tubercle bacilli to tuberculous animals. Nor, so far 
as we know, has it been made plain where, under the circumstances, 
allergy begins and where it ends, or whether it is or is not the entire 
mechanism of immunity. Written descriptions have their limitations 
in conveying information to the reader, lacking, as they do, the power 
to present at a glance a complicated series of events which may have 
taken weeks to evolve. For this reason we have been led to analyze 
local allergy and immunity to tuberculous reinfection from a series of 
graphic representations which would permanently and vividly fix, as 
it were, our observations, and permit of comparisons which no literary 
descriptions would allow. 
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The purpose of this communication, therefore, is to bring to the 
physician’s attention the phenomena of local allergy and immunity to 
tuberculosis in a more living way and to discuss the several important 
features that these illustrations present. 

The plates depict accurately, as to size, color and conformation, 
various consecutive stages of the development of local reactions to 
tubercle bacilli throughout a period of nine weeks. All the reactions 
illustrate the results of inoculations of the same dosages of the same 
emulsion of living tubercle bacilli at the same time; and, in general, 
whatever variations of lesion may appear between the several animals 
concerned must be ascribed to basic differences in the recipients of the 
infection. It must be remembered, however, that perfect equality of 
dosage of living tubercle bacilli must always remain an impossibility, 
even in exactly equal quantities of the same suspension. Certain phys- 
ical attributes of the bacilli forbid it, and even though we made up our 
several inoculating amounts by carefully picking out bacilli, one by 
one, from a given suspension, we could never be certain as to how many 
were alive and how many dead. Whenever we speak of equal dosage, 
therefore, we mean parity within certain limits which are never more 
than vaguely definable. However, we can always “absorb” much of 
this unavoidable technical error by making our observations on large 
series of animals; when, if a comparison between several series discloses 
uniform results in one series that differ from uniform results in another, 
and if our dosages were equal quantities of the same suspension, we can 
look upon the latter as the constant and the animals as the variables. 

In the case of these particular inoculations we used two series of ten 
animals each, and the results in each were strikingly uniform with one 
minor exception which will be noted later. If we wish to observe allergy 
and immunity unfold themselves at their best we must be careful not 
to overdose our animals. With large numbers of bacilli applied to a 
highly hypersensitive animal we are bound to get the violent Koch 
phenomenon, in which all the finer evolutionary details of the hyper- 
sensitive reaction are obscured by the extraordinarily rapid and intense 
progression of events. If, on the other hand, we use minimal quantities 
the reaction will be only slightly detectable, or not at all, or will not 
proceed to completion. The reactions, here figured, represent responses 
to dosages that we have been accustomed to use for years in studies of 
this nature, that is, several hundred bacilli. With the reservations 
just mentioned, the actual numbers or weights of bacilli are not as 
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important as is the employment of a technique which will assure as 
nearly as possible the same dosage to all animals under observation. 
We believe that given amounts of a very dilute suspension will approach 
equality of bacillary content far more closely than will equal weights of 
cultures. 


DESCRIPTION OF THE PLATES 


The plates illustrate the course of events at one day after intracutane- 
ous inoculation of virulent bacilli and then weekly from one to nine 
weeks. No one day drawings were made of animal C, plate 1 and 
animal A, plate2._ . 

Plate 1 depicts the development of skin lesion in three guinea pigs, 
A, Band C, which were normal (nontuberculous) at the time of infection. 
It therefore represents the sequence of phenomena after primary infection. 

Plate 2 figures the evolution of local effects in four guinea pigs, A, 
B, C, and D, which were already tuberculous! at the time of skin infec- 
tion. It therefore represents the results of reinfection. 

Merely a cursory glance at the two plates will at once bring out the 
following sharp points of contrast: 

1. An immediate reaction on the part of the tuberculous animals 
which is absent in the normals. 

2. An early development of nodule in the former which is again lacking 
or less well defined in the controls at this time (one week). 

3. A tendency of the lesions in the tuberculous soon to come to a 
standstill, while at the same time (two weeks) those in the controls are 
now rapidly developing. 

4, A later tendency of lesion in the tuberculous animals to retrogress 
- and heal, while that in the controls persists and progresses. 

It will be convenient ‘to discuss the several points of differences under 
the above four heads. : 

1. The immediate reaction in the tuberculous animals. ‘This is inflam- 
matory, pure and simple, and has nothing of a tuberculous nature about 
it. It is cutaneous allergy, a protein phenomenon, met with only in an 
animal with tubercle and resembles in every respect what happens when 
tuberculin is similarly injected into a tuberculous animal. Like the 
tuberculin reaction it is transitory. In animals B, C, and D, here de- 


1 For details of infection, etc., of both series of animals, see paper immediately following 
this: The Results of Virulent Reinfection into Tuberculjn-Reacting Areas (Skin) of Tuber- 
culous Guinea Pigs, p. 563. 
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picted, all traces of it had disappeared by the end of four days. It 
does not represent the normal reaction of tissues to living tubercle 
bacilli: this latter is shown in plate 1 where it will be seen that tubercle, 
a nodule, the normal reaction, develops out of a noninflamed back- 
ground. In the tuberculous animal, however, where bacilli are any- 
where reimplanted, fresh tubercle, when it results, arises in soil that has 
been recently inflamed, and no one who is accustomed to watch this 
invariable inflammatory result of reinfection (invariable when dosage 
is sufficient and allergy is present), can help being impressed by the 
probability that this initial inflammation plays a large part in the turn 
of subsequent events,—in the immunity which later developments show 
as having existed. 

It cannot be too strongly brought out that this early inflammation 
rapidly subsides. Practically every description of the Koch phenomenon 
and its modifications conveys the impression that the result of reinocu- 
lation of living bacilli is an uninterrupted progression of events from 
beginning inflammation, oedema, etc., to culmination in an ulcerating 
nodule which is nonprogressive or a sloughing ulcer which later heals. 
This is true only when dosage is excessive, and events follow so rapidly 
that they overlap, and the several component features of the reaction 
cannot be differentiated one from another. 

The initial inflammation, unless dosage is too great, always clears 
up soon. And if both dosage and allergy are just “right” it may occur 
that for a short interval—a day or two or three—the skin again appears 
perfectly normal to the naked eye, before we begin to observe the dawning 
of the second stage of the reaction. We unfortunately neglected to 
make drawings of the sites of inoculation between the first day and the 
first week. But we have notes which record that three days after inocu- 
lation there was no abnormality of any kind detectable in animal C 
of plate 2, and for a day this state of affairs continued. It also occurred 
in several other animals of the 10 which were reinfected and of which 
the 4 shown on plate 2 are representative. 

Of plate 1 at this stage little need be said except that it brings out 
more sharply and clearly than pages of description that, unless dosage 
is enormous, the primary introduction of living tubercle bacilli causes no 
early, grossly visible effect at the site of inoculation (or elsewhere). ‘The 
slight changes in the skin noted at one day are purely traumatic, due 
to wounding by the needle the day before. If we are to understand 
the pathology and therefore the symptomatology of tuberculosis, it 
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is all important that we grasp this basic fact,—reaction to primary infec- 
tion is sluggish and at first does not affect the animal that has just 
been made tuberculous. 

2. The accelerated development of nodular tubercle in the tuberculous 
animal. The outstanding feature of the allergic reaction is inflammation; 
and most treatises of the subject have confined themselves to this com- 
ponent. By inflammation we mean that biological process which is 
initiated by an outpouring of exudative elements of the body and in 
which the fluids and wandering cells of the body participate. An 
inflammation is, of course, not completed without the synchronous or 
later proliferation of cells of the connective tissue type which limit the 
exudation and promote repair of the traumatized part. But practically 
every observer of allergy has paid attention to only the exudative phenom- 
ena of allergy and one can search the literature in vain for any mention 
of the participation of fixed tissue cells in it. 

Plate 2 brings out plainly that there is more to the changed reaction 
to tubercle bacilli and their products, conferred by an initial infection, 
than an exaltation of the tissues’ capacities to respond. exudatively. 
Nodular tubercle, made up largely of epithelioid, fixed tissue cells, the normal 
anatomic response to tuberculo-bacillary irritation, also mantfests itself 
much earlier. In other words the fixed tissue cells are also “sensitized” 
by the presence of tuberculous foci. And that they must be “sensitized” 
to a considerable degree the following considerations will show. 

Work that has been done to demonstrate satisfactorily the method 
of disposal of bacilli at the site of inoculation has thus far been slight. 
But the little that has been reported points to the great probability that 
they are very rapidly destroyed in situ by some factor that accompanies 
the exudative reaction (2), (3), (4). Until an exact explanation of 
immunity is forthcoming, we must assume that it is this almost imme- 
diate destruction of bacilli, leaving as it does comparatively few to exert 
their pathogenic effects on the body, that to some extent, at least, 
accounts for the immunity observed. We are no doubt correct in 
assuming, therefore, that subsequent lesion in the tuberculous immunes 
(for some lesion, however slight, always occurs) proceeds from smaller 
numbers of bacilli than does lesion in controls, in which more survive 
the primary inoculation. 

Now the tubercular reaction to primary infection is comparatively 
slow in coming to light. But it has long been observed by all that its 
rapidity of development is directly proportional to the size of the infect- 
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ing dose: massive primary infections will arouse visible tubercle much 
earlier than will very minute ones. 

Yet in tuberculous (and therefore allergic and immune) animals real 
nodular tubercle develops more rapidly to what must be relatively few 
surviving bacilli than to large numbers of bacilli in the primarily infected 
(and therefore non-allergic and nonimmune) animals. These facts 
stand out plainly, and, because of them we have no other recourse than 
to infer that the reacting capacity of the fixed tissue cells has also been 
aliered by the preéxisting infection—altered in such a way that tt 1s greatly 
enhanced: for it is these cells which are the most prominent constituent 
of anatomic tubercle and which by their proliferation eventuate in 
anatomic tubercle. 

No pathologist doubts that anatomic tubercle is by reason of its 
very structure a conservative and protective formation, tending to con- 
fine and hinder the activities of the interned bacilli. And few will 
dispute that ceteris paribus the more rapidly tubercle formation is 
evolved in response to the irritation of bacilli, the greater will be the 
degree of protection afforded. If for no other reason than because it 
would tend to prevent rapid dissemination of bacilli, an earlier develop- 
ment of tubercle would bring about an enhanced resistance to bccn 
invasion of the body. 

We would submit, therefore, that granted that, as Rist and Rolland 
suppose, a bacteriolysis accompanies the manifestation of allergic 
exudation at the site of infection and that immunity to reinfection is 
thus accomplished, the accelerated development of tubercle also plays its 
part in the mechanism of immunity. 

Plate 2 shows that one week after reinoculation there is no sign of 
acute inflammation, but that nodules exist in all the animals. This 
was true for all nine guinea pigs of the series. The nodules began to 
appear four days after infection. At five days all animals showed small, 
red nodules, averaging 3 x 3 mm. in diameter. Two days later they 
had developed to the extent shown in the figures. 

Meanwhile, with one exception, none of the animals shown on plate 1 
exhibited the slightest visible change at the end of a week. All that was 
then seen was the faintest linear trace of the needle track. Between 
the end of the first and second weeks, however, nodules rapidly developed 
—to such an extent, indeed, that at the latter time they were for the 
most part larger than in the immune animals: and, while most of the 
latter were as yet still firm, most of the former were beginning to soften 
and show evidences of early ulceration. 
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Within the next (the third) week, all of the nodules in the controls 
did ulcerate, while ulceration in the allergic animals, when it occurred, 
was always later than in the controls. 

We would call attention to the fact that in the controls. the nodule 
originates in a noninflamed base, differing in this particular from what 
occurs in the allergic guinea pigs. 

We would also direct attention to the course of events in animal B of 
plate 1. This was the only one of 10 controls in which nodular lesion 
began to appear by the end of the first week. It is quite likely that 
this animal received more bacilli in its 0.1 cc. of the suspension than did 
the others, and that, therefore, lesion occurred a little earlier than usual. 
If one were to leave out of consideration the immediate allergic inflam- 
matory response which is never seen after primary infection, then one 
would be tempted to affirm that the higher we go in primarily infecting 
doses the more likely, in other respects, we are to bring about a series 
of local effects that approaches what obtains upon reinfection—with, 
however, the very important reservation that the allergic animal will 
exhibit an immunity to progressive infection while a normal animal will 
succumb the more rapidly to the larger doses. 

It would seem as though all susceptible animals possess their own 
definite and peculiar normal reacting capacity to tubercle bacilli; a 
capacity which is quite uniform for a species and which consists, in one 
respect, in a given irritability of the body’s fixed tissue cells to bacillary 
stimulation. These cells will react more vigorously and more extensively 
to large first infections than to small ones. But infection “trains” or 
“sensitizes” these cells (in our present ignorance of underlying factors 
it is hard to find:more accurate words), so that their irritability now 
becomes greatly enhanced. When, therefore, reinfections occur these 
cells react even to very small ones with the speed and vigor that once 
characterized their response to very large first infections. The immedi- 
ate inflammatory reaction is a new attribute—one that is foreign to the 
normal, nontuberculous animal, although it is true that when dosage 
of tubercle bacilli is enormous a rapid outpouring of serum and poly- 
morphonuclear elements’ follows.it. But this is an altogether different 
thing from the inflammation of allergy as observation and experiment 
will show. It is a response to the large amount of protein represented 
by excessive numbers of bacilli and comparable to the second outpouring 
of polymorphonuclear leucocytes which later attends the rapid dis- 
integration of caseous tissue and the formation of pus. It comes on 
rapidly and it disappears just as rapidly. 
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3. The abortive development of lesions in the allergic animals. It will 
be observed on plate 2 that in originally tuberculous guinea pigs local 
lesion does not develop much beyond the limits set by the end of the 
second week. In animal C the tendency is wholly retrogressive after 
this period. In animal A it maintains practically the same level from 
one week to five weeks when slight ulceration occurs: and almost the 
same conditions obtain in animal B. In animal D there is comparatively 
early ulceration which, however, does not progress much: but it will be 
noted that in this animal the point of inoculation suffered the most 
intense allergic inflammation and that slight necrosis and even haemor- 
rhage accompanied the latter. It is quite likely that this weakened 
area of epithelium at the centre formed the nidus of a subsequently 
early ulceration. 

All the local lesions in the controls continue to progress meanwhile. 
At three weeks a new nodule is developing in the lower pole of the lesion 
in animal A of plate 1, and during the succeeding weeks it becomes 
larger and larger. It must be remembered that by the end of two 
weeks—and even earlier—the controls have become sensitized by their 
primary infection; and that any fresh extension will thereafter take 
place in allergic soil. In other words, after two weeks the controls 
approach the condition of the reinfected at the time of reinfection. 
What happens, therefore, is a new nodular formation in the controls, 
and these new nodules will not ulcerate like the primary ones unless 
dosage is again excessive. In all 10 controls there was a very sluggish 
extension of infection in the peripheries of the original lesion, as repre- 
sented by the development of nodules, but in none did ulceration occur. 
In one of the controls, which is not figured on the plate, there occurred 
a widespread dissemination of tubercles throughout the skin of the entire 
side, with consequent development of enormous inguinal and axillary 
buboes, yet none of these secondary nodules ulcerated.? 

4. The retrogression and healing of lesions in the allergic animals. As 
regards the course of events after the fourth week, little remains to be 
said except that in general the lesions in the allergic animals tend to 
heal, while those in the controls persist as open ulcers with greater and 
greater induration of their edges, or tend to extend very slowly. Never- 
theless, one or two significant points may be here touched upon. 

2A drawing of this unusual result of intracutaneous infection accompanies the paper, 


Studies on Tuberculous Infection. VII. Some Factors that Influence the Development of 
Tubercle in the Lymph Nodes of the Guinea Pig, Amer. Rev. Tuberc., 1920,iiv, 193. 
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In the main, the local lesions in the controls tend to remain localized. 
They have reached a certain-size and afterwards increase this but very 
indolently, if at all. 

The early tubercle in them was delayed; but once initiated it proceeded 
rapidly until it established a good degree of allergy. Meanwhile, during 
its comparatively dormant period bacilli could develop and spread widely 
because no anatomic barrier like tubercle impeded their passage. This 
failure of early focalization and localization of bacilli is demonstrated 
by the rapid palpable involvement of the regionary inguinal nodes in 
the controls and the extent which this attains. With the acquirement 
of allergy the local focus ceases its rapid growth: the surrounding tissue 
is now more competent to resist extension of infection, in that it reacts 
much more rapidly and vigorously to endogenous reinfection. How- 
ever, the local lesion in a primarily infected animal is one that has always 
had comparatively large numbers of bacilli to cope with, and if the initial 
dose was large enough it never completely overcomes them. While at 
the centre its tissue may become necrotic and some bacilli may be cast 
off by sloughing, its edges always harbor bacilli which perhaps set up 
nodules here or may be conveyed to regionary nodes to add to the 
infection there. 

In the originally tuberculqus animals, however, many bacilli are 
destroyed very soon after reinfection. The rapidly developing tubercle 
tends to restrain the few that survive the first inflammatory reaction. 
The failure of the regionary nodes to show involvement, or their relatively 
slight involvement, proves how well early localization and focalization 
are accomplished. 

Yet the bacilli are very tenacious of life and a few, a very few no doubt, 
usually remain for a long time in these reinfection lesions. The latter 
can as a rule take care of these, yet it is remarkable how frequently 
they will fail in completely eradicating the bacilli: and it was because 
of this latter circumstance that Rémer, by reason of his own and of 
Hamburger’s observations, believed that in allergic animals the bacilli 
remained intact in tissues, yet deprived of their normal inherent power 
to act on the latter. It is more than likely, however, that the varied 
interrelations and interactions of allergy and infection—of the action 
of the former on the latter and of the latter on the former, of the conse- 
quent alternating phases of anergy and allergy, etc.—a remarkably 
broad and complex phase of the subject of tuberculo-immunity, which 
we cannot enter upon here, would explain these apparent paradoxes 
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and contradictions. In the present instance we must follow only a 
direct and clearly defined path and lay bare the sharper features of 
allergy. 

By way of conclusion, and with these plates of the local lesions before 
us, we may profitably point out the ultimate effects of the virulent 
inoculations in the animals figured. At the end of nine weeks, on the 
day the last drawings were made, the animals were autopsied with the 
following results: 

Animal A, plate 1, had advanced tuberculosis of the regionary inguinal 
lymph nodes, moderate involvement of the regionary axillary nodes, 
and very advanced tuberculosis of the liver and lungs. 

Animal B, plate 1, had a similar condition of the inguinal and axillary 
nodes and spleen but no gross involvement of the liver and lungs. 

Animal C, plate 1, had a similar condition of the regionary nodes, 
advanced tuberculosis of the spleen, slight tuberculosis of the lungs, 
and no gross lesion in the liver. 

Animal A, plate 2, was without appreciable lesion in regionary nodes 
or any viscus. 

Animal B, plate 2, had very slight involvement of the inguinal nodes 
but was without lesion in the axillary nodes, spleen, liver and lungs. 


Animal C, plate 2, showed changes identical to those in B. 

Animal D, plaie 2, had no definite involvement of the inguinal nodes, 
liver and lungs; but there was slight lesion of the axillary nodes and one 
small tubercle in the spleen. 
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EXPLANATION OF PLATES 


Plate 1 presents the development of local lesions in 3 animals, A, B, and C, which 
were primarily infected in the skin (intracutaneously) with virulent, living human tubercle 
bacilli. At the time of infection the animals were nontuberculous and normal. On the 
left-hand margin of the plate are indicated the intervals after infection at which the draw- 
ings were made. The outstanding features of these first infections are (1) the absence of 
any immediate reaction, (2) the sluggish development of tubercle and (3) the progressive 


* course of the tubercles after they come to view. 


Plate 2 shows the response to virulent infection in 4 guinea pigs, A, B, C, and D, 
which received reinfection intracutaneously. These animals had previously been inoculated 
with human tubercle bacilli of low virulence, infections which served to render them 
allergic and immune. A type of anatomic reaction which is fundamentally different and 
which runs a different course from that depicted on plate 1 is plainly brought out. In 
contrast to the latter there is here observed (1) a rapid, acute inflammation, (2) an 
accelerated development of nodule (tubercle) and (3) a tendency of the lesion to reach its 
fullest development soon and then retrogress. 

All these features are discussed in more detail in the text. 
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THE RESULTS OF VIRULENT REINFECTION INTO TUBERCULIN- 
REACTING AREAS (SKIN) OF TUBERCULOUS 
GUINEA PIGS 


ALLEN K. KRAUSE anp H. S. WILLIS 


From the Kenneth Dows Laboratory for the Study of Tuberculosis, of the Medical Clinic of the 
Johns Hopkins Hospital and University 


The experiments which we are about to describe originated in the 
desire to study the part played by inflammation in hindering or abetting 
tuberculous infection. As is well known, inflammatory or exudative 
phenomena are prominent accompaniments of the reaction by which the 
cutaneous or allergic state manifests itself. The reasons that would 
lead one to suppose that, altogether apart from the unknown forces at 
work in the production of the allergic reaction, the resulting inflamma- 
tion of itself has an infection-resisting influence have been presented at 
length in other communications (1), (2), (3), (4), (5). 

The idea that inflammation under certain conditions tends to prevent 
tuberculous infection grew out of an exhaustive study of the cutaneous 
reaction to tuberculo-protein in guinea pigs (2). From this it was but a 
step to assume that if it were true that the skin of a tuberculous animal 
resists intracutaneous infection because of the inflammation set up at 
the site of reinfection by the application of tubercle bacilli to hypersen- 
sitive soil, it should be likewise true that a similar, though nonspecific, 
inflammation in a normal, nontuberculous animal would also impede 
infection. 

Acting upon this presumption, one of us, throughout a period of sev- 
eral years, attempted to bring about, by nonspecific methods, physical 
changes in the skins of normal guinea pigs that would resemble those 
met with in the well known cutaneous tuberculin reaction; to the end 
that inoculation of tubercle bacilli might be made into such inflamed 
areas and the course of infection compared with that which follows sim- 
lar inoculation into normal skin of normal animals. Various media were 
tried in these attempts to injure the skin—heat, bruising, cantharides, 
needling, etc.; but the experiment has been temporarily abandoned 
563 
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because of an inability to produce an inflammation, the physical extent 
and character of which were at all comparable to those of the inflamma- 
tion of the tuberculin skin reaction. Some of the irritants blistered the 
skin; others produced only superficial changes without blistering; still 
others were too violent: none brought about that even congestion and 
oedema of the entire cutis, with perhaps some central pallor or necrosis, 
which are characteristic of the skin reaction; and, under the circum- 
stances, infection of the inflamed areas was never performed. Radium 
or the X-rays were never used, because of the possible criticism that be- 
sides inflammation of the skin they might produce constitutional effects 
in the animals. Neither were sterilizing chemical agents, such as alco- 
hol, turpentine, iodine, etc. applied; there might arise a reasonable margin 
of criticism that such bactericidal substances killed bacilli and in this 
way influenced infection. 

The problem in outline was (1) how to get askin inflammation that 
would resemble as closely as possible that of an intracutaneous reaction, 
and (2), once this was obtained, how it would influence infection per- 
formed directly into it. 

After the above-noted early preliminary failures to induce the right 
kind of inflammation, it occurred to us that we might gain some of the 
information we sought if we made our inoculations of living tubercle 
bacilli into areas of fhe skin which were undergoing various stages of 
tuberculin reaction. There could then, at any rate, be no question that 
we were starting with an unobjectionable type of inflammation. We 
would, of course, be obliged to work with tuberculous animals, which 
by reason of a primary infection were already immune as well as allergic; 
but tuberculo-immunity at best is a relative immunity, with many 
shades and degrees of variation, and it was reasonable to presume that 
animals infected in the manner intended would exhibit a different be- 
havior toward infection when compared with control tuberculous animals 
whose normal, nonreacting skin had been similarly reinfected. We 
were aware also that the result might be confused because the tubercu- 
lin skin test, before reinfection, might have a more deep seated effect on 
the animals than the production of a simple inflammation; yet it did not 
appear likely that the small amount of tuberculin employed in the test, 
an amount that would apparently be much less than that necessary to 
induce a constitutional reaction, would produce effects that would seri- 
ously interfere with a proper interpretation of whatever results might 
occur. 


> 
| 
i 
igs 
| 


REINFECTION INTO TUBERCULIN REACTING SKIN 565 


The experiment was accordingly performed in four stages, as follows: 

1. Preparation of animals by infecting and thus sensitizing them. 

2. The production of skin inflammations by the intracutaneous appli- 
cation of tuberculo-protein. 

3. Reinfection with living tubercle bacilli into the inflamed areas. 

4. Observation and estimation of the final results at autopsy. 

The fact that reinfection was made in the skin furnished the oppor- 
tunity to observe and record closely the development and course of 
local lesion at the site of inoculation, an opportunity of which we availed 
ourselves fully. For a week after reinfection the condition of the ani- 
mals was noted in detail almost daily; and after this period, at least 
once a week for nine weeks after reinfection. We thus accumulated a 
large mass of data, much of which had a bearing on one or two other 
phases of immunity and infection which we had not anticipated. The 
main problem which we set out to investigate was not solved; but there 
were disclosed several features of infection which to us appear to be of as 
great importance. 


THE EXPERIMENT IN DETAIL 


1. Preparation of animals. On September 26, 1919, seventy normal, 
full-grown guinea pigs, of an average weight of from 300 to 500 grams, 
were inoculated, each subcutaneously in the right groin, with 0.5 cc. of 
a heavy suspension of a vigorously growing glycerine-agar culture (three 
weeks old) of living human tubercle bacilli of low virulence. The culture 
was of the R 1 strain, Saranac Laboratory. Its infecting capacity for 
guinea pigs has been fully described in another communication (6), to 
which the reader is referred. Under the ordinary conditions of a single 
subcutaneous infection into the groin it brings about a macroscopic 
tuberculosis that is confined to the lymphatic system and never appears 
in the viscera. The sensitizing and immunizing results of such infection 
have also been recorded elsewhere (2), (7), (8), (9). 

During a period of almost six weeks, while infection was developing 
in these animals, cutaneous sensitiveness to tuberculin was tested from 
time to time on several individuals of the series. We desired to make 
our tuberculin injections at a time when there could hardly be any doubt 
that all animals were uniformly and highly hypersensitive. Before and 
during this preliminary period too, in order to be certain of its infecting 
capacity, we intracutaneously inoculated several normal guinea pigs 
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with varying doses of the virulent tubercle bacillus that was to be used 
later for reinfection. In this way we could become familiar with its 
infectiousness at the time of the experiment. 

2. The production of skininflammations. Of the 70 infected guinea pigs, 
4 died during the first few weeks after primary infection; and 57 of those 
remaining were used for reinfection into tuberculin-reacting areas. The 
remaining 9 were used as tuberculous controls for reinfection, that is, 
in them reinfection was to be performed into skin that had not under- 
gone tuberculin reaction. 

The 57, above named, were then divided into three separate lots as 
follows: 

Lot 1: Comprising 18 survivors of the 20 originally numbered 1 to 10 
and 31 to 40. 

Lot 2: Comprising 20 animals numbered 11 to 20 and 41 to 50. 

Lot 3: Comprising 19 survivors of the 20 originally numbered 21 to 
30 and 51 to 60. 

These three lots were then prepared for reinfection as follows: 

Lot 1: On November 1, 1919, or thirty-five days after primary R 1 
infection, 8 of them (nos. 1, 3, 4, 5, 6, 7, 8 and 10) were injected intra- 
cutaneously with W. E, in the skin of the left side, which was the side 
opposite to the local (right groin) tuberculous lesion, and 10 (nos. 31 to 
40 inclusive) in the skin of the right side, or the same side as the original 
infection. The W. E. was a water extract (no. 309) of desiccated, pul- 
verized, human tubercle bacilli, of which 0.1 cc. was injected into each 
animal. A given amount of water extract had been first diluted with 
an equal quantity of physiological salt solution, so that each animal re- 
ceived a total bulk of 0.2 cc. of fluid. 

All animals of lot 1 were to be reinfected in the tuberculin-reacting 
areas, approximately one-half of them on the same side as the primary 
lesion and one-half on the side opposite, on November 5, or four full 
days after the injection of tuberculin. 

Lot 2: On November 3, nos. 11 to 20 were similarly injected intra- 
cutaneously with 0.1 cc. W. E. 309 on the left side (opposite to lesion), 
and nos. 41 to 50 with 0.1 cc. W. E. 309 on the right (same) side. 

All animals of lot 2 were to be reinfected, in the same way as those of 
lot 1, on November 5, or two full days after the ingection of the tuberculin. 

Lot 3: On November 4, nos. 21 to 29 were injected intracutaneously 
with 0.1 cc. W. E. 309 on the left side (opposite to lesion), and nos. 51 
to 60 with 0.1 cc. W. E. 309 on the right (same) side. 
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All animals of lot 3 were to be reinfected, in the same way as those of 
lots 1 and 2, on November 5, or one day after the injection of tuberculin. 

The results of the skin injections. Between tuberculin injection and 
reinfection observations were made on all animals every day and the 
results recorded. Without exception the skin of every animal reacted 
vigorously, with redness, oedema and induration that in most cases 
reached a maximum of 20 by 20mm. ormore. Reactions usually reached 
their height between twenty-four and forty-eight hours after injection: 
few seemed complete at the end of twenty-four hours, while none in- 
creased after forty-eight hours. For the individuals of the several series 
the results were as uniform as is ever observed under similar conditions. 

But there was an apparently significant difference in result, if one fol- 
lowed and compared the reactions set up in the side opposite to the lesion 
with those induced on the same side. 

It was noticed that the skin reaction on the same side began as vigor- 
ously as that on the opposite side but that it did not reach as high a 
maximum and it subsided more rapidly. On the same side there oc- 
curred hardly necrosis or haemorrhage: while on the opposite side these 
were often marked. 

At the same time there was usually a marked focal reaction on the 
same side. The superficial inguinal nodes swelled enormously and fre- 
quently the entire skin from the site of tuberculin injection to that over- 
lying the nodes and apparently the subcutaneous tissue took part in the 
reaction and became red and oedematous. There was often a confluent 
band-like area of oedema reaching from the point of injection to the 
nodes. The subcutaneous tissue was apparently the most involved, 
and gave to the entire area of reaction an appearance as though the skin 
itself was much more inflamed than in those in which injection had been 
performed on the opposite side. This was especially noticeable after 
twenty-four hours, following which the skin reaction underwent a rapid 
subsidence. 

What had. happened, of course, was that tuberculin, applied to the 
same side as the lesion, had drained lymphatically to the infected right 
superficial inguinal nodes and here set up a focal reaction. The intra- 
cutaneous reaction had begun earliér than the focal reaction and in the 
regular way. But soon the focal reaction ensued and brought about 
not only changes in its neighborhood but also a constitutional reaction. 

We are fairly certain that a constitutional reaction is set up by a focal 
reaction (10). We also know that the effect of a constitutional reaction 
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is to blunt the skin reaction (2). As soon, therefore, as a constitutional 
effect was produced by the focal reaction, the former began to diminish 
the skin reaction which was in progress at the time. All this was plain 
in these animals and served to emphasize how complicated are the various 
interdependent relations between these three types of reaction in the 
tuberculous animal, that is, the intracutaneous (tissue) reaction, the 
focal reaction, and the constitutional reaction. 

The injections of tuberculin on the side opposite to the lesion did not 
arouse any visible focal effects. This tuberculin would, of course, drain 
to regionary, noninfected nodes and then past these and ultimately 
reach the blood. Whatever tuberculin would reach the infected right 
superficial inguinals would be only that minimal amount which was 
conveyed to these by their arterial blood, and this was insufficient to 
induce reaction in them. The skin reactions accordingly followed the 
rule that is always observed in ordinary tuberculous animals. 

As has been said above, all reactions were subsiding by the end of 
forty-eight hours. By the end of four days almost all of the very acute 
features of the inflammations were gone. When, therefore, on Nover- 


ber 5, we came to reinfect these animals into the tuberculin-reacting 
areas, we made our inoculations into several varying stages of inflamma- 


tion, as follows: 

In lot 1 the acute inflammations had largely subsided. 

In lot 2 they were subsiding. 

In lot 3 they had not yet reached their height but were still developing. 

In other words reinfection with living bacilli were performed (1) into 
stationary or fading reactions,—lots 1 and 2; and (2) into progressing — 
reactions. 

3. Reinfection of reacting animals and nonreacted tuberculous controls, 
and primary infection of normal controls. For this purpose the following 
emulsion was used: 
_ The contents of two glycerine-agar tubes of sixteen day old, vigorously 
growing, virulent, human tubercle bacilli (strain H37, Saranac Labora- 
tory) were rubbed up in a mortar with a drop or two of physiological salt 
solution. To this paste was carefully added, drop by drop, and with 
the emulsion being continually stirred, 15 cc. of physiological salt solu- 
tion. The resulting thick suspension was then centrifugated for ten min- 
utes at high speed (about 3000 revolutions per minute). The superna- 
tant suspension was milky in appearance. It was withdrawn and filtered 
through cotton, and about 7 cc. of fresh physiological salt solution were 
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added to the 5 cc. of the filtrate and thoroughly mixed with the latter. 
The fluid appeared perfectly limpid but stained smears showed it to 
contain too many bacilli in clumps. It was accordingly again filtered 
through cotton; and to the 4 or 5 cc. that filtered through, from 5 to 7 
cc. of fresh salt solution were added and thoroughly mixed. Stained 
smears of this latter fluid showed an even distribution of bacilli, nearly 
all of which were single and averaged about 3 to 5 to the oil immersion 
field. There were, however, still a very few small clumps, made up of 
two or three bacilli. It was therefore again diluted with 5 cc. of salt 
solution. This final suspension exhibited about 2 or 3 bacilli to the oil 
immersion field and was at once used for inoculation. 

On November 5 each animal of lots 1, 2 and 3 was inoculated as previ- 
ously described with 0.1 cc. of the above suspension; and at the same time 
the same dose of the same suspension was inoculated intracutaneously 
into 2 other lots of guinea pigs. These latter were: 

Lot 4: Comprising the remaining 9 animals, numbered 61 to 69, of the 
70 which received a primary infection on September 26. These had not 
been injected with tuberculin. They were to be the tuberculous con- 
trols of the experiment, to indicate to us how much basic immunity had 
been conferred upon the guinea pigs by the primary R 1 infection. They 
were inoculated on the left (opposite to R 1 lesion) side. 

Lot 5: Comprising 10 normal nontuberculous guinea pigs, numbered 
88 to 97. These were to serve as controls which would point out the 
infectiousness of 0.1 cc. of our H 37 suspension in nonimmune animals. 

To recapitulate: Under exactly similar conditions of time and dosage 18 
guinea pigs were intracutaneously infected into the subsided inflammatory 
areas of tuberculin skin reactions, 8 on the side opposite to a primary 
R 1 infection and 10 on the same side; 20 were infected into subsiding 
or stationary inflammatory areas, 10 on the same side as primary lesion 
and 10 on the opposite side: 19 were infected into developing areas of 
inflammation; 9 on the side opposite to primary lesion and 10 on the 
same side; 9 were infected into previously untouched skin, which was 
however allergic because the animals had previously been rendered tu- 
berculous, and the reinfections were performed on the side opposite to 
the primary lesions; and 10 were infected into skins that were normal 
because the animals were nontuberculous and therefore nonallergic and 
nonimmune. 

The following faults of technique were committed during the H 37 
infections: nos. 8 and 58 received 0.15 cc. of the suspension, instead of 
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the uniform 0.1 cc.; in nos. 12, 13 and 36 the inoculations were more 
subcutaneous than intracutaneous; and in nos. 41, 46, 47 and 69 the in- 
oculations were incomplete, that is, slightly less than the usual dose of 
0.1 cc. It is questionable whether these errors influenced the results 
to any extent, though in nos. 12, 13 and 36 the local lesions were less 
severe than in the general run of animals of their series. 


THE IMMEDIATE RESULTS OF THE VIRULENT INOCULATIONS 


In lots 1 and 2. We have said that in these animals reinfection was 
performed into subsiding or stationary inflammations. At twenty-four 
hours after the inoculation there was no increase in the inflammations 
over the condition noted the day before, just before inoculation. 

In lot 3. Twenty-four hours after inoculation most of these animals 
showed more of a skin reaction than on the day of reinoculation. These 
were the animals which were infected into the reacting areas, twenty-four 
hours after the injection of tuberculin. Since it takes over twenty-four 
hours, as a rule, for an intracutaneous reaction to reach its maximum, 
it was likely that the reaction which was in progress when reinfection 
was performed had simply gone ahead to its full development. 

At any rate it was impossible to detect anything that suggested that 
the introduction of the living bacilli into the reacting areas of lots 1, 
2 and 3 had ‘‘whipped up” the reactions. 

In lot 4. These animals all showed the allergic phenomenon at its 
prettiest. It will be remembered that they were not given tuberculin. 
With this exception they were simply tuberculous animals that had been 
tuberculized in exactly the same way as the individuals of lots 1, 2 and 
3; and into their normal appearing, though hypersensitive, skins the 
same doses of virulent tubercle bacilli had been inoculated. At the end 
of twenty-four hours all showed at the sites of inoculation delicate, 
though definite skin reactions, due to the introduction, not of tuberculin, 
but of living tubercle bacilli. 

The reactions were plain areas of redness which averaged 20 by 20 
mm. in diameter. There was moderate oedema (+ -+ on the average) 
and induration in all. In a few there were slight evidences of central 
necrosis. They were not to be compared to those produced by 0.1 cc. 
of water extract. But it was remarkable that so few bacilli—there could 
not have been more than several hundred in thedoses which we employed 
—could release enough protein to arouse the reaction. The result was a 
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brilliant example of how sensitive the allergic state is to even minute 
amounts of antigen; and illustrated anew that allergic tissues (those of 
tuberculous animals) react with inflammation to living bacilli exacily like 
they do to tuberculin. 

The results in lot 4 showed the bacilli meeting with inflammatory con- 
ditions that were again different than obtained in the animals of lots 1, 2, 
and 3. In the latter series varying grades of inflammation were present 
when the bacilli were inoculated; in the former there was no inflammation 
at the time of inoculation: the bacilli were introduced into noninflamed 
soil and did not come under the influence of inflammation until several 
hours later when exudation began to develop because of their presence 
in allergic tissues. 

In lot 5. At twenty-four hours there was not the slightest trace of 
reaction in these, the normal controls. All skins were smooth and flat, 
and only a faint point of redness due to trauma indicated where the 
inoculation had been made the day before. 

During the first week after inoculation observations were made almost 
daily. At three days, the reacting areas in practically all the animals 
had cleared up. In the case of the nontuberculous controls (lot 5) there 
was not the slightest sign of the inoculation. In the tuberculous con- 
trols (lot 4) but faint traces remained, except a small, slightly indurated 
spot; while by five days in these animals the acute inflammation had 
totally subsided, but in their place there now appeared small, indurated 
and faintly red nodules, about 3 by 3 mm. in size. At five days the skins 
of the normal controls (lot 5) were perfectly normal. 

By the end of the first week marked differences between the several 
series of animals began to appear. The most striking contrast was be- 
tween the members of lot 4, the nontuberculinized, tuberculous controls 
and those of lot 5, the normal controls. 

Every animal of lot 4 now had a definite nodule, at the site of inocula- 
tion, which projected above the surface and averaged about 6 by 6 mm. 
in size. In other words, there was occurring here an accelerated de- 
velopment of real tubercle, in the area where there had previously been 
a rapid, acute inflammation. The regionary lymph nodes showed no 
changes. 

On the other hand, with the exception of one animal, none of the non- 
tuberculous controls (lot 5) showed any reaction. The skin was flat 
and smooth, and to all appearances normal. The contrast was really 
remarkable; and the result emphasized once more that a hypersensitive 
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(tuberculous) animal reacts to tubercle bacilli, not only with an imme- 
diate acute inflammation, but also with an accelerated development of 
tubercle soon after the acute inflammation has subsided. There is 
considerable evidence that during the allergic reaction to living bacilli, 
some of the latter are destroyed very soon after implantation (11). In 
allergic animals therefore the ‘wbercular reaction must take place to fewer 
bacilli than in primarily infected animals: yet tubercle formation occurs 
earlier than in the latter. This fact suggests that in tuberculo-hyper- 
sensitiveness there exists, not only a changed reaction that is manifested 
by exudative phenomena, but also an altered reacting capacity of cells 
of the fixed tissue type. We will not pause here to discuss further the 
probability and meaning of this latter component of allergy. They are 
referred to at greater length in another communication (12). 

At the time we are considering, the manifestations at the sites of inocu- 
lation in the guinea pigs of lots 1, 2 and 3 were variable. Many, like 
those of lot 4, showed nodular tubercle developing: many others had 
scabs covering the site, or the scabs had dropped off, leaving ulcers. 

Fifteen days after inoculation (November 20), the ulcerated points 
of the reinfected animals had nearly all closed over, and in many the 
areas of tuberculin reaction were irregular and nodular. Many of the 
areas again ulcerated later. _ 

It will be remembered that at seven days there were no nodules in 
the skin of the normal controls (lots 5). During the past week, however, 
nodules had appeared. They were now developing rapidly and at this 
time (fifteen days) usually equalled those of lot 4 (tuberculous controls) 
in size. They were softening and apparently getting ready to break 
down, while in lot 4 evidences of suppuration were slight or absent. But 
the main change was a definite, and in a few instances marked, involve- 
ment of the regionary lymph nodes of the members of lot 5. Only a 
very few of all the reinfected animals showed palpable lymph node 
changes at this time: in most, the nodes were entirely normal. 

From now on the local lesions which were accessible to observation 
followed varying courses of development in the several series. Weekly 
records were made of all animals and on January 7, 1920, or nine weeks 
after virulent infection, the experiment was terminated and all animals 
killed and autopsied on the same day. 
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THE FINAL RESULTS OF THE VIRULENT INOCULATIONS 


Between virulent infection and the end of the experiment only three 
animals, no. 11 (lot 2) and nos. 23 and 60 (lot 3), died. None of the 
deaths were due to tuberculosis. There remained, therefore, 73 guinea 
pigs. 

The main interest, of course, lies in the variations of immunity brought 
about by the tuberculin inflammations. To judge this we had two bases 
of comparison: (1) the results of the virulent inoculations in the normal, 
nontuberculous animals of lot 5 which would indicate the normal infec- 
tiousness of the suspension employed; and (2) the results in the non- 
tuberculinized animals of lot 4, which would point out the essential 
immunity conferred by the primary R1 infections. If any series showed, 
on the average, less tuberculosis than lot 4, we would be justified in 
concluding that its immunity had been increased by our procedures: 
if it exhibited greater involvement than lot 4 but less than lot 5, it was 
manifest that we had reduced an immunity which it once possessed. 

We present the varying results in the several lots of animals in the 
accompanying series of tables (table 1 to 8), in which are brought to- 
gether all the significant data that have a bearing on resistance to the 
virulent infection. Thoroughly complete and detailed analysis of these 
records is impossible and the presentation of too much detail would likely 

result only in confusing the broader issues which the experiment disclosed. 
We will content ourselves, therefore, with what will be for the most 
part merely summarized interpretations of the tables. 

The tables bring together the following information: the character of 
the site of inoculation at the time of infection; data concerning the local 
skin lesion such as the presence or absence of ulceration, the time of the 
latter’s first appearance and its general character and degree, the general 
character and degree of the local lesion throughout the experiment and 
its character at the end of the experiment; changes in the regionary 
lymph nodes, such as the time of first palpable changes and the maxi- 
mum degree of involvement of both inguinal and axillary nodes; and, 
finally, the location and degree of tuberculous involvement in spleen, 
liver and lungs. 

Comparison of tables 7 and 8 discloses at a glance that the basic 
immunity to virulent infection, conferred by the primary R1 inoculation, 
was high and very competent. All of the originally normal animals 

(table 8) became pretty thoroughly tuberculous by the end of nine weeks. 
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Local ulceration in them was uniformly quite early, and was, in the 
main, progressive. The hearest draining lymph nodes, the inguinals, 
were all involved by the end of fifteen days and their involvement became 
extreme. The spleens of all showed advanced tuberculosis, while the 
majority had slight to moderate involvement of the liver and slight 
lesion in the lungs. 

On the other hand the tuberculous animals, which had been inoculated 
without preliminary tuberculinization of the skin, with two exceptions 
exhibited no visceral lesion whatever and in one of the exceptions, no. 
61, the lesion of the spleen was doubtful (table 7). The one animal, no. 
67, which had definite visceral lesion, had this confined to a single small 
tubercle of the spleen. In all these animals the local lesion was non- 
progressive, while the majority suffered no palpable involvement of 
their regionary inguinal nodes. Of all the reinfected animals, these showed 
in every way the highest immunity to virulent inoculation. 

The animals whose resistance ranked next to that of the nontubercu- 
linized, tuberculous controls were those which had been inoculated into 
reacting areas four days after tuberculin was injected (lot 1); and of 
these the results were a little better in the animals which were infected 
on the side opposite to the lesion. 

In the animals of lots 2 and 3, those infected two days and one day 
respectively after tuberculin injection, there was in general a good deal 
more tuberculosis than in those of lot 1. There is not very much dif- 
ference in results between the members of lot 2 and lot 3, except perhaps 
that lot 3 have slightly more involvement. But it is plain in each series 
that when reinoculation was performed into reacting areas on the same 
side as the primary lesion, itismet with diminished resistance as compared 
with infection into the opposite side. 

In order to limit the scope of this paper to a plain statement of the 
experiment and its results, we shall not at this place enter upon a discus- 
sion of the causes and significance of these results. This is reserved for 
a more general consideration of allergy and immunity to tuberculosis 
which will appear in another paper. We would here merely draw from 
our experiment the following deductions: 

If, because of an existing tuberculous infection, an animal (guinea 
pig) has acquired a given degree of allergy and immunity, both of these 
are reduced under the following conditions: 

1. They are reduced at the site of an inflammatory tuberculin reaction 
for at least four days after the application of the tuberculin. 
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2. They are more reduced by inflammatory tuberculin reactions at 
places which are within the lymphatic drainage area of tuberculous foci 
than at places which are not so situated. 

3. They are reduced to a greater extent shortly (one to two days) 
after the application of tuberculin than later (four days after tuberculin). 

The part played by the inflammation of the allergic reaction, considered 
purely by itself, remains undisclosed. 
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THE EFFECT OF ARTIFICIAL PNEUMOTHORAX ON 
PULMONARY TUBERCULOSIS IN THE RABBIT 


H. J. CORPER, SALING SIMON anp O. B. RENSCH 
Research Department, National Jewish Hospital for Consumptives, Denver, Colorado 


The treatment of pulmonary tuberculosis by means of artificial pneu- 
mothorax has a well established place in clinical therapeusis. Never- 
theless, until very recently, the study of the effects of artificial pneumo- 
thorax upon experimental tuberculosis seems to have escaped attention. 
Historically (1), the conception of artificial pneumothorax as a thera- 
peutic procedure dates back about one hundred years, when (1821) 
James Carson reported physiological experiments, in which he measured 
the pressure which balances the elasticity of the lung, and suggested com- 
pression as a secure, simple and complete remedy for suppurative lesions 
or cavities of this organ, although he never practically applied it. Ram- 
adge some years later, however, tried this procedure on a patient with 
ulcerative phthisis with apparent success; but at the time his views 
attracted no notice. With the advent of antiseptic surgery Cayley in 
1885 tried to cure a severe pulmonary hemoptysis by producing lung col- 
lapse, with success. His report was well received and had his technique 
been better the collapse method would probably have progressed more 
rapidly at that time. Adams in 1887 in England, Spath in 1888 in 
Germany and Hérard in 1881 wrote to the effect that curative influ- 
ences occurred in tuberculous cavities of the lung as a result of spon- 
taneous hydropneumothorax. Potain in 1885 to 1888 deliberately 
injected sterilized air into the pleural cavity, in three cases of spon- 
taneous pneumothorax with liquid effusion, to maintain immobilization. 
He also accurately measured the intrapleural pressure, and constantly 
referred to the possibility of curing phthisis by artificial pneumothorax; 
but he found no followers. Forlanini’s first papers in 1882 dealt with 
the dependence of ulcerative processes in the lung upon mechanical 
causes, and showed that pleural effusion or spontaneous pneumothorax 
often result in an arrest of the phthisical process. In 1888 he for the 
first time injected air into a pleural effusion, but not until 1894 did he 
publish his first two cases of artificial pneumothorax. He, however, had 
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ARTIFICIAL PNEUMOTHORAX IN THE RABBIT 593 
no followers and made no further reports until 1906. In 1898 J. B. Mur- 
phy contributed to the subject and presented his arguments in favor of 
compressing the lungs for tuberculosis and the methods by which such 
pulmonary quiescence or collapse can be obtained. He believed the 
intrapleural injection of gas or fluid to be preferable. He tried this on 5 
cases, 2 failing on account of pleural adhesions, and the other 3 giving 
excellent results. The following year Lemke, a pupil of Murphy’s, 
reported on 53 cases treated with intrapleural injections of nitrogen. 
Murphy, fully convinced of the scientific value of pneumothorax, persist- 
ently refused to use it, because it would take him out of surgery into 
medicine. However, Murphy’s and Lemke’s labors attracted the atten- 
tion of Brauer at Marburg, and it was through Brauer’s influence that 
compression therapy became a rational and methodical procedure. 
Brauer and his pupils have also contributed largely to the scientific 
understanding of the effects of pneumothorax. 

From a study of the literature there seems to be a general uniformity 
of opinion regarding the resultant effect of the pneumothorax upon the 
diseased lung and it is usually conceded to be of an inhibitory nature, 
although the details of the mechanism of this action are somewhat open 
to discussion. Anatomical studies of the effects of pnemothorax upon 
tuberculous lungs are few and usually their interpretation is open to 
question. In most cases there is a tendency to the production of fibrous 
tissue in the compressed lungs with a collapse and healing of cavities. 
Gritz (2) as a result of the histological study of 3 cases, in which com- 
pression had been produced, concludes that rest of the tuberculous lung 
causes a quiescence of the tuberculous process with subsequent healing, 
which appears as an encapsulation of the caseous areas and an organiza- 
tion of the pneumonic areas. The stimulation to connective growth has 
its explanation in the stasis in the lymph circulation and the resultant 
diminished absorption of the tuberculous toxins. 

Warnecke (3) studied a case histologically with care and found that 
the collapsed lung tended toward a diffuse, chronic induration or cirrho- 
sis, while the other lung was affected with a progressive type of the dis- 
ease. He concluded that artificial pneumothorax produces a favorable 
influence upon pulmonary tuberculosis from a pathological anatomical 
viewpoint. Kistler (4), like Warnecke, saw the lymph vessels enlarge 
and believed lymph stasis to play an important part in the healing. 
Warnecke cites Forlanini as giving an interesting observation, indicating 
that in a well compressed lung no fresh tubercles could develop. Hesaw 
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a case of miliary tuberculosis which involved the entire noncompressed 
lung, while the collapsed parts of the other lung remained free from dis- 
ease. Shingu (5) studied experimentally, by histological methods, the 
fate of carbon particles inhaled before and after artificial pneumothorax 
and hydrothorax in rabbits. He found that in control animals the 
carbon was uniformly distributed, slight differences, however, being 
discernible, since the right lung was somewhat more pigmented than the 
left and the upper more than the middle or lower lobes. If the carbon 
was inhaled before compression the uncollapsed lung was found to be 
lighter than the collapsed lung and it contained less carbon. He con- 
cluded that the respiring lung has freed itself of the carbon through the 
bronchi while this was impossible in collapsed lungs. The bronchial 
glands were the same on both sides. If pneumothorax was first per- 
formed and carbon then inhaled, the completely collapsed lung was 
free from it; but if only partially collapsed, it contained some carbon 
though the normal lung contained most of it. He drew only reserved 
conclusions from these experiments, especially regarding tuberculosis, 
and pointed out that tubercle bacilli may be retained in the collapsed 
lung and thus make possible an increase in the number sent through the 
lymphatics to the glands, though this may be counter-balanced by the 
respiratory rest which inhibits.a further output of bacilli into the air 
passages, and the action of the lymph stasis which hinders propulsion. 
He pointed out that in tuberculosis the expiration of tubercle bacilli is 
of little significance compared with the inhibition of development of the 
bacilli upon which, to so great an extent, healing is dependent. 

In order to determine whether there is any difference between the blood 
content of collapsed and normal lungs, Bruns (6) studied this in rabbits 
in which he produced both closed and open pneumothorax. Inopen 
pneumothorax he examined the lungs in from ten seconds to ten minutes 
after the procedure and the closed pneumothorax cases were examined 
up to ninety-two days after compression. In open pneumothorax he 
found that the collapsed lung contained both relatively and absolutely 
less blood than the normal of the same animal and this also held true in 
closed pneumothorax. He also found a connective tissue increase in the 
collapsed lungs. In dogs, goats and rabbits there was an enlargement 
of the right ventricle as a result of artificial pneumothorax. 

In an elaborate study of the circulation of the lung with the aid of his 
lung plethysmographic method, Cloetta (7) was unable to arrive at con- 
clusions indicating that there was a diminished circulation in the com- 
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pressed lung. He repeated Bruns’s experiments and could not find that 
the compressed lung contained less blood than the inflated in the inspira- 
tory phase. He also pointed out that if the compressed lung did contain 
less blood than the inflated lung it would not indicate that the circula- 
tion through it was lessened. All his experiments seemed to indicate, if 
anything, a better circulation through the compressed lung. He showed 
the differences between the circulation in inspiratory and expiratory 
phases (the latter being greater) and their effect upon the carotid pressure. 
Microscopic evidence obtained by him not only corroborated functional 
and chemical studies but guaranteed the reliability of the entire 
plethysmographic method. 

It is rather interesting that the effect of pneumothorax upon experi- 
mental pulmonary tuberculosis should not have been studied at an 
earlier date; but no reference was found in the literature indicating that 
such investigations had been carried out until that reported by Shaw (8) 
in 1919. His experiments are rather scanty, being performed on 5 rab- 
bits, and they led him to the conclusion that the collapsed lung was more 
involved with tuberculosis, after either intravenous or intratracheal injec- 
tion of tubercle bacilli. The first animal with artificial pneumothorax 
of the left side received tubercle bacilli intravenously and was killed 
seventeen days later, when the left lung was found to be tuberculous, 
while the remaining organs were normal. The second animal with arti- 
ficial pneumothorax of the right side, received an intratracheal in jection 
of tubercle bacilli and five days later on section revealed miliary tubercles 
throughout the lower lobe of the right lung, the rest of the animal being 
normal. The third animal without compression received tubercle 
bacilli intravenously and eight days later on section revealed miliary 
tubercles ‘‘throughout both lower lobes.” The fourth animal with 
right pneumothorax, given an intravenous injection of tubercle bacilli, 
revealed twenty days later on section caseous areas in the middle and 
inferior lobes of the right lung (this lung still being collapsed), the other 
organs being normal. A duplicate of the fourth animal revealed seven 
days after infection a number of miliary tubercles in the right lung. 
If these observations of Shaw’s with findings so opposite to the general 
conception on the effect of compression upon pulmonary tuberculosis 
are true they certainly would contraindicate the use of artificial pneumo- 
thorax, especially in early cases and probably in all cases, and for this 
reason a new and more elaborate investigation seemed justified. In the 
experiments to be reported rabbits were used exclusively, since of all the 
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usual laboratory animals available they were best suited for the produc- 
tion of either a one sided pneumothorax or hydrothorax (9); and by the 
intravenous injection of a uniform suspension of virulent human tubercle 
bacilli an exclusive and uniform pulmonary tuberculosis could be pro- 
duced in them. They were also desirable in this case since Shaw carried 
out his experiments on rabbits. 

The experiments to be reported were divided into two sets. In the 
first set pneumothorax was produced, either left or right sided, by the 
injection of from 75 to 100 cc. of nitrogen, depending upon the size of 
the animal, with a resultant final positive manometric reading (water) 
up to about +6 cm. In the second set hydrothorax was produced by 
the injection of from 75 to 85 cc. of sterile 7 per cent acacia in physiologi- 
cal saline solution. In the pneumothorax set there were 8 control rab- 
bits in which no collapse was produced, 16 rabbits all collapsed twenty- 
four hours before the intravenous injection of the tubercle bacilli (8 on 
the right side and 8 on the left side), and 16 rabbits given an intravenous 
injection of tubercle bacilli and twenty-four hours afterwards 8 were 
collapsed on the right side and 8 on the left side. The hydrothorax set 
was identical to this except that there were only three-fourths as many 
animals in the lot. All of the rabbits received by intravenous injection 
0.5 mgm. of a virulent culture 1851 of human tubercle bacilli in 3 cc. of 
0.9 per cent salt solution, made into a uniform emulsion according to 
the method previously described by one of us (10) and used in virulence 
tests. The animals were killed at definite intervals (10, 19, 28 and 37 
days in the case of pneumothorax and 10, 20 and 30 days in the case of 
hydrothorax) after infection when the distribution and character of the 
lesions were carefully observed. 


EXPERIMENTS 


THE EFFECT OF PNEUMOTHORAX, INDUCED BEFORE AND AFTER INFECTION,- 
UPON THE DISTRIBUTION AND TYPE OF TUBERCULOSIS IN RABBITS’ LUNGS 


All the animals in this set were infected by the intravenous injection of a 
uniform suspension of virulent human tubercle bacilli (0.5 milligram in 3 cc. 
0.9% sodium chloride solution) culture 1851. 


Animals killed ten days after infection 
1. Controls. 
Rabbit 1. Uniform distribution of pin-point translucent miliary tubercles 
throughout both lungs. 
Rabbit 2. Findings identical to those in rabbit 1. 
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2. Right-sided compression before infection. 

Rabbit 3. A marked right-sided pneumothorax was found by fluoroscopy 
shortly after compression. The animal was infected twenty-four hours after 
primary compression. A refill of nitrogen was made five days later. On 
section the right lung was compressed and there was a uniform distribution 
of pin-point miliary tubercles throughout both lungs. 

Rabbit 4. An exact duplicate of rabbit 3 revealed on section a slight com- 
pression of the right lung and a uniform distribution of pin-point miliary 
tubercles throughout both lungs. 


3. Left-sided compression before infection. 

Rabbit 5. A marked left-sided pneumothorax was found by fluoroscopy 
shortly after compression. The animal was infected twenty-four hours after 
primary compression. No refills were made. On section the left lung still 
showed some compression and there was a uniform distribution of pin-point 
translucent miliary tuberles throughout both lungs. 

Rabbit 6. An exact duplicate of 5. Snuffles complicated the picture on 
section but the lower lobes of both lungs were involved and revealed a uniform 
distribution of the tuberculosis. 


4, Right-sided compression after infection. 

Rabbit 7. Revealed a good right-sided pneumothorax immediately after 
compression. The animal was infected twenty-four hours before compres- 
sion. On section it revealed a uniformily distributed miliary tuberculosis 
throughout both lungs. 

Rabbit 8. An exact duplicate of 7, with the identical findings on section. 


5. Left-sided compression after infection. 

Rabbit 9. Revealed a good left-sided pneumothorax shortly after com- 
pression. On section the miliary tuberculosis was uniformly distributed 
throughout both lungs. 

Rabbit 10. Complicated by snuffles. 


Animals killed nineteen days after infection 
1. Controls. 
Rabbit 11. Both lungs uniformly involved with pin-point to pin-head 
translucent miliary tubercles throughout. 
Rabbit 12. Findings identical to rabbit 11. 


2. Right-sided compression before infection. 
Rabbit 13. Fluoroscopy revealed a marked right-sided pneumothorax 
shortly after compression. The animal was infected twenty-four hours after 


i 

| 


598 H. J. CORPER, SALING SIMON AND 0. B. RENSCH 


compression. On section there was a uniform distribution of pin-point to 


pin-head miliary tubercles throughout both lungs. 
Rabbit 14. A duplicate of 13 revealed an identical uniform distribution. 


3. Left-sided compression before infection. 

Rabbit 15. Died on the sixteenth day after infection revealing in both 
lungs a uniform distribution of miliary tubercles. 

Rabbit 16. Fluoroscopy revealed a marked left-sided pneumothorax 
shortly after compression, and twenty-four hours later the rabbit was 
infected. On section there were found miliary translucent pin-point to 
pin-head tubercles scattered equally throughout both lungs. 


4. Right-sided compression after infection. 

Rabbit 17. Marked right-sided pneumothorax shortly after compressed 
seen by fluoroscopic examination. Animal infected twenty-four hours before 
compression. Section revealed a uniform distribution of pin-point to pin- 
head miliary tubercles throughout both lungs. 

Rabbit 18. Exact duplicate of 17 as to treatment. On section the right 
lung seemed to be slightly less involved than the left lung. 


5. Left-sided compression after infection. 

Rabbit 19. Nitrogen gas injected apparently into pericardial sack as 
revealed by subsequent fluoroscopy. Section revealed a uniform distribution 
of miliary tuberculosis throughout both lungs. 

Rabbit 20. Marked left-sided pneumothorax shortly after compression 
revealed by fluoroscopy. On section there was found a uniform distribution 
of miliary tubercles (pin-point to pin-head) throughout both lungs. 


Animals killed twenty-eight and thirty-seven days after infection 

On account of the similarity of the results obtained at these intervals, 
especially as regards the distribution of the tuberculosis and types of tubercles 
found in the right and left lungs, it seems unnecessary to detail the autopsy 
findings on these animals. The tuberculosis at intervals of 28 and 37 days 
had progressed further. than those of the 10 and 19 days intervals, the tuber- 
cles varying in size but as a whole being larger at the longer intervals. 
Included in the 28 day interval there were 10 animals distributed in sets of 
two as detailed in the 10 and 19 day intervals; and except for a single excep- 
tional finding there was noted no difference between the controls and the ani- 
mals collapsed on the right or left side, either before or after infection. 
Throughout this entire series attention was also paid to the amount of 
infection in the controls, as compared to those compressed on either the right 
or left side. Here the individual variations were found to be greater between 
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animals of the same set than the variations noted between the infections in 
the right and left lung of the same animals; but there was again noted no 
consistent difference between the involvement found in the lungs of the 
animals not compressed (controls) and these having a one-sided compression. 


THE EFFECT OF HYDROTHORAX PRODUCED BEFORE OR AFTER INFECTION UPON 
THE DISTRIBUTION AND TYPE OF TUBERCULOSIS IN THE RABBITS LUNGS 


In this set of experiments, which is practically a duplicate of the pneumo- 
thorax set, the lungs were compressed by means of 75 to 85 cc. of sterile 7 
per cent acacia in 0.9 per cent sodium chloride solution, a concentration which 
approximates that attained in the pleura when stronger or weaker acacia 
solutions are injected. The series gave results exactly similar to those 
obtained when compression was done by pneumothorax, and for this reason 
results will be merely given in brief in tabular form, although it is admittedly 
difficult to devise a system of marking to suit the occasion (table 1). 

The fairly uniform distribution of the tuberculosis in the rabbit’s 
lungs, regardless of whether the right or left lung had been compressed 
and whether collapse was occasioned before or after the intravenous 
injection of the tubercle bacilli, made it seem desirable, in view especially 
of Bruns’s observations, to obtain further corroboratory evidence that 
particles intravenously injected in fine emulsion were uniformily distrib- 
uted in both the collapsed and normal lung. Since also in the tubercu- 
losis experiments twenty-four hours elapsed between the collapse and 
the infection, the evidence would be more convincing provided the fine 
emulsion were injected within a short time after compression. Since 
tubercles do not make their appearance macroscopically in the lungs of 
rabbits for at least a number of days after intravenous injection it seemed 
desirable to use some colored insoluble material, which could be made 
up into a very fine emulsion suitable for intravenous injection and would 
be immediately visible, or could be made visible by contact with a suit- 
able chemical reagent. Carbon particles were considered; but on ac- 
count of the natural presence of anthracosis in animals and the difficulty 
of making suitable suspensions for intravenous injection they were 
not used. A heavy suspension of starch was also considered since it 
could be colored blue by prolonged immersion of the lungs in a weak 
iodine solution. This was used; but it was found to be less suitable than 
either of the following two substances. The best results were obtained 
by the use of Prussian blue, which was washed free from ferric chloride 


1 These data will be given in full in a subsequent publication. 


TABLE 1 
The effect of pulmonary compression by fluid upon tuberculosis in the lung of the rabbit 


TUBERCULOUS INVOLVE- 
COMPRESSION SIDE OF MENT 


TIME OF SECTION AFTER INFECTION BEFORE OR | COMPRES- arr —rtad 
AFTERINFECTION| SION Right Left 


3! 3! 
3! 3! 
3! 3! 
3! 3} 
3! 3! 
3! 3 
3! 3 
3 
3! 3! 
3! 3! 


Controls 


Before 


ct 


Before 


After 


eal 


After 


ou ON AM FW 


3? 3? 
3? 3? 
3 3? 
0 0 

3? 3? 
3? 3? 
32 32 
32 32 
3? 32 
32 32 


Controls 


Before 


ct 


Twenty days 


After 


After 


33 33 
33 33 
32 32 
32 3? 
33 33 
33 33 
33 38 

snuffles | snuffles 


Controls 


Before 


ag 


Thirty days 


After Right 


3 3 
After Left { 


* Note: 0-3 gives the approximate relative number of miliary tubercles. 

0 = no.visible tubercles. 

1 = 1-10 in entire lung. 

2 = 10-100 in entire lung. 

3 = over 100. 

The exponents from 1-3 denote the approximate size of these tubercles. 

1 = up to 0.5 millimetre in diameter. 

2 = from 0.5 up to 1.0 millimetre in diameter. 

3 = over 1 millimetre in diameter. 

Of course this arbitrary grading system cannot accurately depict the findings since 
when many tubercles over 1 millimetre in size were found there were also some under 0.5 


millimetre. 
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Results of the intravenous injection of a suspension of Prussian blue, starch and Scarlet R. into 


rabbits with a right side pneumothorax 


SUBSTANCE INjECTED 


TREATMENT OF LUNGS 


ANI- 


TIME INTERVAL 
BETWEEN IN- 
JECTION AND 

DEATH OF 
ANIMAL 


RESULTS OF LUNG EXAMINATION 


Prussian blue 2 
cc., 1 to 5 sus- 
pension in 0.9 
per cent so- 
dium chloride 
solution, given 
intravenously 


Starch suspen- 
sion 2 cc., 1 to 
10 in 0.9 per 
cent sodium 
chloride solu- 
tion, given in- 
travenously 


Trachea tied be- 
fore opening 
chest. For- 
malin injected 
into trachea) 
and specimen 
suspended in 
formalin 


Trachea tied be- ( 
fore opening 
chest, a weak 
aqueous so- 


lution of io- 
dine injected 
in the tra- 
chea and the 


specimen sus- 
pended in the 


same solution 


\ 


Immedi- 
ately 


1 minute 


2 minutes 


3 minutes 


5 minutes 


30 minutes 


5 minutes 


Prussian blue uniformly distrib- 
uted throughout both the 
right (compressed) and the 
left lung 

Prussian blue uniformly distrib- 
uted throughout both the 
right (compressed) and the 
left lung 

Prussian blue uniformly distrib- 
uted throughout both the 
right (compressed) and the 
left lung, seemingly deeper 
in color than immediately or 
after one minute 

Prussian blue uniformly distrib- 
uted throughout both the 
right (compressed) and the 
left lung, seemingly deeper 
in color than immediately or 
after one minute 

Prussian blue uniformly distrib- 
uted throughout both the 
right (compressed) and the 
left lungs, but the color is 
perceptibly lighter than in 
the above four animals 

Prussian blue is found in dis- 
crete spots uniformly dis- 
tributed throughout both the 
right (collapsed) and the left 
lung. There is a distinct dis- 
appearance of the blue pig- 
ment 


The blue iodine starch granules 
were uniformly distributed 
throughout both the right 
(compressed) and left lungs 
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TABLE 2—Continued 


TIME INTERVAL 


BETWEEN IN- 
JECTION AND 
DEATH OF 
ANIMAL 


SUBSTANCE INJECTED | TREATMENT OF LUNGS RESULTS OF LUNG EXAMINATION 


30 minutes | The total alcoholic extract was 


Scarlet R_ sus- 


pension in 0.9 
per cent so- 
dium chloride 
solution 


Trachea 


tied 
before open- 
ing chest, all 
other tissues 
removed, 
lungs weighed 
and analyzed 
for Scarlet R. 
colorimetri- 
cally after 
thorough ex- 
traction with 
alcohol 


2 hours 


determined by comparison 
with a colorimetric standard. 
The right weighed 5.00 gm. 
and contained 1.9 mgm. 
Scarlet R or 0.38 mgm. per 
gm. of lung. The left lung 
weighed 3.62 gm. and con- 
tained 1.4 mgm. Scarlet R or 
0.39 mgm. per gm. of lung 


The Scarlet R was determined 


colorimetrically as above. 
The right lung weighed 4.96 
gm. and contained 0.06 mgm. 
of Scarlet R or 0.012 mgm. 
per gm. of lung. The left 


lung weighed 3.45 gm. and 
contained 0.045 mgm. of 
Scarlet R or 0.013 mgm. per 
gm. of lung 


and potassium ferrocyanide, from which it was prepared, by three addi- 
tions of 0.9 per cent sodium chloride solution, after which it was centri- 
fugated, the supernatant fluid decanted and the precipitate again washed 
and finally suspended in about 5 times its volume of saline solution. 


About 2 cc. of this suspension was given intravenously. A good sus- 
pension of Scarlet R was also found suitable, not because it would give a 
direct color to the lungs, but because it could be quantitatively extracted 
by means of alcohol. A suspension of Scarlet R was made by cautiously 
diluting a strong ether solution of the dye with saline solution and shaking 
when the Scarlet R would precipitate out into a fine suspension and could 
be centrifugated to remove the large particles, leaving the smaller 
particles in suspension for injection. A series of 9 rabbits were given 
100 cc. of nitrogen into the right pleural cavity and within thirty minutes 
thereafter were given intravenous injections of suspensions of Prussian 
blue, starch and Scarlet R. The result of the pulmonary findings are 
given in table 2. 

An examination of table 2 reveals two interesting facts; first, that 
suspended particles injected intravenously into rabbits with a right-sided 
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pneumothorax, produced a short time before intravenous injection, are 
uniformly distributed throughout both lungs; and second, on account of 
the partial solubility of two of these substances, Prussian blue and 
Scarlet R, there was found also to result a disappearance of these sub- 
stances from both lungs equally and uniformly. These two facts strongly 
indicate that such circulatory disturbances as may result from compres- 
sion of the lung in the rabbit certainly cannot be very marked. They 
also explain the uniform distribution of tuberculosis in the lungs of rab- 
bits after intravenous injection in normal and pneumothorax animals. 


SUMMARY AND CONCLUSIONS 


1. One-sided artificial pneumothorax or compression of one of the 
lungs of the rabbit by means of fluid, artificial hydrothorax, has no visible 
macroscopic influence upon the number or type of the tuberculous lesions 
resulting from the intravenous injection of virulent human tubercle 
bacilli, regardless of whether the compression is occasioned on the right 
or the left side, or whether it is occasioned a day before or a day after 
the intravenous injection of the tubercle bacilli. These results disagree 
with those found by Shaw who maintains that compression favors the 
development of the tuberculosis in the compressed as compared to the 
other lung. There were also noted no differences between the number 
or type of the tuberculous lesions in animals with one lung compressed 
as compared with normal animals, not compressed, although the differ- 
ences between the different animals of the same series receiving the same 
intravenous injections of tubercle bacilli was greater than the differences 
found between the two lungs of the same animal. 

2. Suspensions of Prussian blue, Scarlet R and starch, injected intra- 
venously into rabbits shortly (within one-half hour) after a right-sided 
closed pneumothorax, were found uniformly distributed throughout the 
lungs immediately after injection and up to two hours thereafter. The 
gradual disappearance of Prussian blue within that time occurred uni- 
formly on both sides and would not tend to support Bruns, whé main- 
tained that the circulation was lessened in the compressed lung as 
opposed to Cloetta who maintained an equal (or even better circulation) 
in the pneumothorax lung as compared with the other lung. 
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HYPERNEPHRECTOMY AND EXPERIMENTAL 
TUBERCULOSIS 


G. B. WEBB, G. B. GILBERT, J. B. HARTWELL anv C. T. RYDER 
Colorado Springs, Colorado 


We have undertaken some experiments, with the hope of giving sup- 
port to clinical observations, such as those of Sergent (1) upon the rela- 
tion between adrenal function and tuberculosis. The first of these 
studies, here reported, deals with the removal of one adrenal in guinea 
pigs, and the effect of this operation on resistance to a subsequent 
inoculation with tubercle bacilli. 


Series 1. In March, 1919, after some preliminary work to determine 
the best technique, guinea pigs 1 and 2 were operated upon, the left adrenals 
being removed through a vertical incision below the costal margin, about in 
the nipple line. They recovered rapidly from the operation and at no time 


after the first day or two showed any marked weakness. One month later, 
they, and two normal controls (A and B) were inoculated in the right nip- 
ple area with about 200 tubercle bacilli from a virulent culture. The 
bacilli were counted by the method of Barber (2) as employed in previous 
experiments (3). 

Pig 1 died of intercurrent disease six weeks after inoculation. Pigs 2 and 
A were therefore killed and autopsied also. Pig B was kept alive for some 
months and remained well. The findings are given in table 1. 

Series 2. In April, 1919, pig 3 was operated on, the left adrenal being 
removed as before. The remaining members of the series, pigs 4 to 12, were 
operated on in August and September. Like the pigs of the first series, they 
recovered quickly and without characteristic signs of adrenal insufficiency’ 
On December 6, these 10 pigs and 10 normal controls, (C to M), were inocu- 
lated in the right groin with 0.05 cc. of a very weak emulsion of a culture of 
tubercle bacilli of exceptionally vigorous growth in culture, but known to 
be virulent. However, only two pigs, 11 and K, developed tuberculosis. 
Control C became sick from other disease and was killed and autopsied five 
weeks after inoculation. Pigs 11 and K, also 3, 5 and D, were killed and 
autopsied two weeks later. The findings are given in table 2. 
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On February 24, the remaining members of the series, and an extra con- 
trol (N), were reinoculated in the left groin with 0.05 cc. of a somewhat 
stronger emulsion of another culture. Another control (O) was given 0.5 


cc. of the same emulsion. Tables 3, 4 and 5 give the results. 


TABLE 1 
Autopsy findings 


LEFT 
INGUINAL 
NODES 


TABLE 2 
Autopsy findings 


WEEKS 
AFTER IN- 
OCULATION 


BRONCHIAL 
NODES 


WEIGHT 
OF RIGHT 
ADRENAL 


grams 


0.4 


0.5 


0.3 


TABLE 3 


OPERATED GUINEA PIGS 


CONTROLS 


Left inguinal nodes enlarged, number 
of days after inoculation 


Pig number 


Left inguinal nodes enlarged, number 
of days after inoculation 


13 


15 


18 


13 


15 
+ 
+4 


18 


| 
1 6 +? 
2 6 +++ 
| A 6 +++ +++ ~ + 
B 16 
NODES NODES 
3 7 | | 
5 7 
D 7 |_| 
5 
6 : + 
7 
8 + 
9 + 
10 + 
12 + + 
+ 
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TABLE 4 


AUTOPSY FINDINGS 


Weeks Weight 

after in- <a Spleen Liver al | of right 
oculation| nod adrenal 


4+ 


ouMaia 


Average weight of pigs, 750 gms. 
TABLE 5 


AVERAGE WEIGHT OF 


Operated pigs without tuberculosis 
Control pigs, 3 weeks after inoculation 
Operated pigs, 3 weeks after inoculation 
Control pigs, 4 weeks after inoculation 
Operated pigs, 4 weeks after inoculation 
Control pigs, 6 weeks after inoculation 
Operated pigs, 6 weeks after inoculation 
All control pigs 

All operated pigs 


SUMMARY AND CRITICISM 


Under the conditions of the experiment there was no apparent differ- 
ence in resistance to tuberculosis in guinea pigs from which the left 
adrenal had been removed, as compared with control pigs, though the 
primary palpable enlargement of inguinal nodes appeared a trifle sooner 


GROUP Pig Weight 
num- of left 4 
ber adrenal i 
4 3 + 0.4 
8 3 >> + + 0.4 
1 10 3 i 8 + + + 0.5 
F 3 +++ + 0.3 
L 3 + 0.3 
N 3 ++ + + 0.3 
7 4 + 0.4 
9 4 +++ ++ ++ ++] 0.5 
E 4 ed ++ +> + 0.3 
6 ++++|] +++ | + + | 0.6 
6 ++++] +++ | ++] + [+++] 0.6 
F 6 +++ | +++ | + | + | + | 04] 0.4 
6 +t+++]++++] ++] + | ++] 0.3] 0.3 
6 +++ 4+) + [++] 04] 04 
6 ++ | +++ | + + 
RIGHT ADRENAL 
grams 
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on the average in the operated pigs than in the controls. There was the 
usual compensatory hyperplasia of the remaining adrenal, the average 
weight being 0.48 gm. compared with 0.33 gm.inthecontrols. The adre- 
nal weights were considerably higher in the pigs autopsied six weeks after 
successful inoculation than in those autopsied three or four weeks after, 
or in those without any tuberculosis; and this was true in the control pigs 
as well as in the operated ones, and in the latter did not correspond to 
the time elapsed since operation. This suggests a demand for increased 
adrenal function in tuberculosis, and calls for further experiment with a 
larger number of pigs and a more complete record of body weights. 

As a result of this and other experiments, we are convinced that the 
emulsion method of inoculation is too inaccurate and too likely to result 
in giving a dose so far beyond the toleration point as to overwhelm any 
possible variations in resistance. These variations will only be detected, 
we believe, by giving very minute counted doses. There are chances of 
error in this method, too, but they are less than in any other. 

It is obvious that this experiment does not elucidate the question of 
the relation of adrenal insufficiency to resistance in tuberculosis, as no 
insufficiency appeared to be produced. 
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ADRENALIN HYPERSENSITIVENESS IN DEFINITE AND 
UNPROVED PULMONARY TUBERCULOSIS 


FRED H. HEISE anp LAWRASON BROWN 


Trudeau Sanatorium, Trudeau, New York 


An attempt is made in this paper to present a study of cases of pul- 
monary tuberculosis and of cases sent to us with a diagnosis of pulmo- 
nary tuberculosis which show a hypersensitiveness to injections of 
adrenalin. In a number of cases previously diagnosed as pulmonary 
tuberculosis we were unable to prove its existence. These are desig- 
nated hereafter as nontuberculous. 

The adrenalin tests were begun shortly after the appearance of an 
article by Goetsch (1) and were first carried out at Trudeau Sanatorium 
by Dr. Foster Murray, under the direction of Dr. Goetsch, whose serv- 
ices fortunately were available to us. Later, Mr. N. C. Nicholson and 
Dr. Goetsch together studied the adrenalin reaction in a series of cases 
and their observations were jointly published later (2). Since then too, 
the test has been a routine procedure for all cases entering the Trudeau 
Sanatorium. 

The technique in all cases was that given by Goetsch, which is as fol- 
lows: The patient is put to bed the evening before the day of the test 
and is kept there until after the test has been completed. During this 
time all excitement or stimulation of any kind is kept from the patient. 
Mentally he is calmed and assured that the test is entirely free from dan- 
ger or ill consequences. Preliminary to the subcutaneous injection of 
0.5 cc. of 1-1000 solution of fresh adrenalin, the systolic and diastolic 
blood pressures, pulse and respiration are taken at two and one-half 
minute intervals for two or three observations and notes made of the 
patient’s vasomotor state and symptoms, such as pallor, flushing, sweats, 
tremor, nervousness, anxiety, etc. 

The subcutaneous adrenalin injection is then made and at two and one- 
half minute intervals thereafter the same observations mentioned above 
are made for the following half-hour or more, until the reaction is 
completed. 
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When characteristically positive, the reaction is marked by a primary 
rise of systolic pressure (of 10 mm.) and a fall of diastolic pressure, with 
increase of pulse and respiratory rates. At this time, too, there occurs 
pallor, followed by flushing and localized sweats. Tremor becomes 
marked, and the patient is apt to laugh or cry without reason. In addi- 
tion to the trerhor there may be gross muscular contractions and espe- 
cially exaggeration of the symptoms of which the patient has complained 
for some time. 

Following the increased systolic pressure of 10 mm. or more, there is 
a fall in systolic and rise in diastolic pressure, with an abatement of symp- 
toms and a tendency to calmness or drowsiness. Later a secondary 
reaction, essential to a positive reaction, occurs, which is milder than the 
primary but which is characterized by the same blood pressure changes. 
After the secondary reaction, the patient’s condition gradually returns 
to normal. He may at first feel sleepy and all worn out, but gradually 
his feeling of strength and well being return. Without the secondary 
reaction the test is not positive. 

The following is a positive reaction occurring in a case of inactive pul- ~ 
monary tuberculosis, complicated by adenomata of the thyroid (proved 
at operation), in which marked improvement of symptoms followed 
their removal. (See page 611.) . 

The reaction. The present series comprises 260 cases under observa- 
tion at the Trudeau Sanatorium. Of these, 44 (17 per cent) reacted to 
the test. Pulmonary tuberculosis could not be demonstrated in 16 (36 . 
per cent) and was demonstrated in 28 (64 per cent) of these cases. 

There were 216 cases that did not react to the adrenalin. Pulmonary 
tuberculosis could not be demonstrated in 39 (18 per cent) of these. 

The reaction in pulmonary tuberculosis and nontuberculous cases. Of 
the 55 cases in which pulmonary tuberculosis could not be proved, 16 
(29 per cent) reacted to adrenalin, and of the 205 definitely tuberculous 
cases 28 (14 per cent) reacted to adrenalin, so that the reaction to adre- 
nalin was about twice as frequent in the nontuberculous as in the tuber- 
culous cases. 

The adrenalin reaction and activity of the tuberculous process. In 71 
instances the pulmonary lesion was accompanied by symptoms of 
activity, and in 8 of these cases (11 per cent) a reaction to adrenalin 
took place. Symptoms of activity were absent in 134 cases. Of these, 17 
had a positive adrenalin reaction (13 per cent). It may be that in a 
number of the cases reacting to adrenalin the rapid pulse and slight ele- 
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Case 5103 


BLOOD 
PRESSURE 


REMARKS 


10:15 78 | 18 
10:173; 80] 22 
10:20 84] 24 
10:224} 80| 14 
10:25 | Adrenalin 0.5 
10:274 78 24 
10:30 74 | 18 
10:324} 82] 16 
10:35 90} 22 
10:40 88 | 24 
10:45 96 | 24 
10:50 941 20 
10:55 94} 30 
11:00 98 | 20 


11:10 | 104; 30 
11:15 | 36 
11:20 96 | 30 
11:25 98 | 40 
11:35 98 | 36 
11:45 98 | 30 
11:55 98 | 28 


106/70 


100/70 
100/70 
100/68 
cc. 
102/70 
104/70 
110/78 
116/80 


124/80 


114/74 


120/72 
128/72 


130/66 


130/72 
126/80 


124/74 
124/62 
124/68 


114/58 
114/70 
112/70 


Hands warm and moist. Feet cool and dry. Lips fairly 
pale. Slight, very fine tremor. No subjective sensa- 
tions. No abnormal neck pulsations. 


Fingers colder. + 

Feet colder and moist. + 

Sighs deeply. Expirations quite rough. 

Very restless. Says, “Its hard to lie still.” 
about from side to side. 

Lips have become bright red. Says, “You are all so 


Tosses head 


quiet.” Feet colder and moist. Tremor quite marked. 
++ 
Feels “keyed up.” Legs feel “trembly.” Restless. 


Throat and lips dry. Difficult to swallow. Becomes 
petulant about stillness of observer and nurse. Pulls 
at hair. “Feel as though my back were braced tight.” 
Tremor. +++-+ 
Feels nervous and tense. “Am I saying crazy things?” 
“This is the craziest thing I ever had happen. Never 
before had to lie still. My back is funny.” 
Pants. Licks lips with tongue frequently. Pulse irregu- 
lar. +--+. Feet warmer, moist. Hands warmer. Very 
restless. ‘Cogwheel’ expiration. Whole body trembles 
so astoshake the bed. Respiration labored and irregular. 


Hands markedly warmer. 
Tremor. of face muscles. 


+--+. Convulsive jerks of sacro- 
spinal muscles and other of the large muscle groups. 


Lips trembling. ‘I dont like you any more. Can’t this 
be stopped in some way? I believe this is all imagina- 
tion. Make silly out of me. I guess you are disgusted. 
Iam.” Tosses about. 


Hands and feet markedly colder. 
Whole body trembles. 
and feet warmer. 

Marked malar flush now. 
Tremor still present: slight and fine. 
++ 


+-+. Slight malar flush. Hands 


Hands and feet warmer. 


subjectively. 


Impression: Response to adrenalin quite marked and positive, both objectively and 
Marked degree of hyperthyroidism. +++. 
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vation of temperature, considered as symptoms of activity of the tuber- 
culosis, were caused by hyperthyroidism or some other endocrine 
disturbance. 

The X-ray showed a condition interpreted as apt to undergo a change 
for better or worse (focal activity) in 161 instances. Of these only 17 
(10 per cent) reacted to adrenalin. When the X-ray showed apparently 
no focal activity, 11 (25 per cent) of 44 cases reacted to adrenalin. The 
complement fixation test was positive in 104 cases, of which 17 (16 per 
cent) reacted to adrenalin, and the fixation was negative in 101 cases, 
of which 11 (19 per cent) reacted to adrenalin. There were symptoms of 
activity and the X-ray showed a condition interpreted as susceptible to 
change for better or worse, and the complement fixation was positive in 
40 cases. In other words, there were evidences of activity from the 
symptoms, X-ray and complement fixation in 40 cases. Of these, 4 (10 
per cent) reacted to adrenalin. 

When there was no evidence of tuberculous activity as mentioned 
above, as was the case in 26 cases, 5 cases (19 per cent) reacted to adre- 
nalin. So that it may be said that the inactive cases reacted a little 
more frequently than the active tuberculous cases. 

The adrenalin reaction and tubercle bacilli. Of the 104 cases having 
tubercle bacilli in their sputum, 11 (10 per cent) reacted to adrenalin, 
whereas, of the 101 cases that had no tubercle bacilli in their sputum, 
17 (17 per cent) reacted to adrenalin. Therefore the adrenalin reaction 
occurred more often in those cases not having tubercle bacilli at the 
time of the test. 

The adrenalin reaction and hemoptysis. A teaspoonful or more of blood 
was considered as an hemoptysis. A history of hemoptysis occurred in 
65 cases and the adrenalin test was positive in 11 (17 per cent). There 
was no history of hemoptysis in 140 cases, of which 17 (12 per cent) 
reacted to adrenalin. 

The adrenalin reaction and pleurisy. A history of pleurisy with effusion 
occurred in only 9 instances, all of which failed toreact toadrenalin. A 
history of dry pleurisy occurred in 87 cases, of which 12 (14 per cent) 
reacted to adrenalin. There was no history of pleurisy in 109 cases, 16 
(15 per cent) of which reacted to adrenalin. | 

The adrenalin reaction and extent of lesion by X-ray. Thirty cases 
showed an extent of the lesion by X-ray equivalent to or less than the 
area of the lung above the second chondrosternal junction of one side. 
Of these, 8 (27 per cent) reacted to adrenalin. Forty-seven cases had a 
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total area involved greater than that above mentioned, but not greater 
than the lung area above the third chondrosternal junction of one side. 
Of these, 7 (15 per cent) reacted to adrenalin. A more extensive lesion 
than the above was found in 118 cases. Of these, 11 (9 per cent) reacted 
to adrenalin. It would seem therefore that a positive adrenalin reaction 
occurred less and less frequently as the extent of the lesion had progressed. 

The subcutaneous tuberculin test and adrenalin reaction. Twenty tuber- 
culous cases in this series were given the subcutaneous tuberculin test. 
The test was positive in 15 instances, of which 4 (26 per cent) reacted to 
adrenalin. The subcutaneous tuberculin test was negative in 5 instances, 
of which 1 (20 per cent) reacted to adrenalin. The susceptibility to 
tuberculin subcutaneously had apparently no direct relation to the sus- 
ceptibility to adrenalin in the tuberculous cases. 

Of the nontuberculous cases, 36 reacted to the subcutaneous tubercu- 
lin test. Of these, 9 (25 per cent) reacted to adrenalin. Of the 15 non- 
tuberculous cases not reacting to tuberculin, 6 (40 per cent) reacted to 
adrenalin. Apparently, in the nontuberculous cases, susceptibility to 
tuberculin is accompanied by a lessened susceptibility to adrenalin. 

In this series there were also 5 cases of tuberculous colitis (X-ray diag- 
nosis), all of which failed to react to adrenalin. One case with Pott’s 
disease which had had a previous thyroidectomy reacted to adrenalin. 
Of four cases of lues, one with the central nervous system involved (spi- 
nal fluid Wasserman 4 plus) reacted to adrenalin. The other three 
failed to react. 


SUMMARY 


In a series of 260 cases there were 205 with pulmonary tuberculosis. 
Of the tuberculous cases, 14 per cent reacted to adrenalin. Of the non- 
tuberculous cases, 29 per cent reacted to adrenalin. When there was 
evidence of tuberculous activity, as shown by symptoms, X-ray or com- 
plement fixation, 10 per cent reacted to adrenalin. And when there 
were no evidences of tuberculous activity from 13 per cent to 19 per cent 
reacted to adrenalin. 

When tubercle bacilli were present in the sputum 10 per cent reacted 
to adrenalin, and when tubercle bacilli were absent 17 per cent reacted 
to adrenalin. 

In 17 per cent of the cases, having a history of hemoptysis of a dram 
or more, the adrenalin reaction was positive. 
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In no case having a history of pleurisy with effusion was the adrenalin 
test positive. When a history of dry pleurisy occurred, the reaction was 
positive in 14 per cent. 

When the disease was of limited extent (P. i) 27 per cent reacted to 
adrenalin; when of moderate extent (Pc. ii) 15 per cent reacted, and when 
more extensive (Pc. iii) 9 per cent reacted to adrenalin.’ 

When the subcutaneous tuberculin test was positive in the tuberculous 
cases 26 per cent reacted to adrenalin, and when the subcutaneous 
tuberculin test was negative 20 per cent reacted to adrenalin. 

In the nontuberculous 25 per cent of those reacting to tuberculin re- 
acted to adrenalin, and 40 per cent of those not reacting to tuberculin 
reacted to adrenalin. 

None of the tuberculous colitis cases reacted to adrenalin. 

One case of Potts disease did react. It also had had a previous thy- 
roidectomy. 

One of four lues cases reacted to adrenalin, and the central nervous 
system was involved with lues in this case. 


CONCLUSIONS 


1. The adrenalin reaction was twice as frequent in the nontuberculous 
as in the tuberculous cases (14 per cent and 29 per cent respectively). 

2. Activity of the pulmonary focus, as determined by symptoms, 
played little if any part in occurrence of the adrenalin reaction (11 per 
cent as against 13 per cent). 

3. Adrenalin hypersensitiveness apparently has no direct relation to 
the occurrence of a positive or negative complement fixation for tubercu- 
losis (16 per cent and 19 per cent respectively). 

4, Presumptive inactivity as interpreted from the X-ray was accom- 
panied by adrenalin hypersensitiveness about two and one-half times as 
often as when activity was present. ; 

5. The occurrence of tubercle bacilli seemed to be associated with a 
less frequent adrenalin reaction than when tubercle bacilli were absent 
(10 per cent and 17 per cent respectively). : 


1Pc. i. A definite parenchymatous X-ray lesion of a total extent not greater than the 
area of the lung above the upper level of the 2nd chondrosternal junction of one side. 

Pc. ii. A definite parenchymatous X-ray lesion of total extent greater than Pc. i, but 
not greater than the lung area above the upper level of the 3rd chondrosternal junction of 
one side. 

Pc. iii. A definite parenchymatous X-ray lesion greater than under Pe. ii. 
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6. The occurrence of a history of hemoptysis or of dry pleurisy seemed 
to bear no relation to the adrenalin reaction (17 per cent and 14 per cent 
respectively). 

7. No case with a history of pleurisy with effusion reacted to adrenalin. 

8. As the extent of disease becomes greater, the tendency to react to 
adrenalin apparently diminishes (27 per cent, 15 per cent, 9 per cent). 

9. Susceptibility to tuberculin subcutaneously has apparently no rela- 
tion to adrenalin hypersensitiveness, when tuberculosis is present. How- 
ever, when pulmonary tuberculosis is absent, the adrenalin reaction is 
less apt to occur when there is tuberculin susceptibility. 

10. Tuberculous colitis apparently does not promote adrenalin hyper- 
sensitiveness. 
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A PRELIMINARY REPORT OF A STUDY OF THE 
GOETSCH TEST! 


R. McBRAYER 


North Carolina Sanatorium, Sanatorium, North Carolina 


This study has been undertaken with the hope that out of it may come 
a more practicable test for the busy practitioner of to-day who may not 
have the time to devote to such a lengthy technique as is used by Goetsch. 
We think that we have had very satisfactory results from this test 
during its use of six months or a little longer. To men who have the 
time I would strongly advise their utilizing the test as laid down by 
Goetsch (1). I believe it is based on fundamental physiological prin- 
ciples and in the right hands will certainly give accurate results. 

This preliminary report is upon a study of a series of 55 patients. 
These comprised 5 normal persons, 20 having tuberculosis in different 
stages but having no signs or symptoms of hyperthyroidism, 22 suspici- 
ous thyroids having tuberculosis and 6 tuberculous patients known to 
have hyperthyroidism. We have taken the following list of symptoms 
and signs of hyperthyroidism and have classified these finding in each 
case under the following headings: systolic blood pressure, diastolic 
blood pressure, pulse rate and quality, tremor, nervousness, palpita- 
tion, diuresis, temperature, respiration, apprehension, pupillary changes, 
vasomotor changes in face, hands and feet and sugar in the urine. 

Systolic pressure. In each of the four classes of patients named above, 
systolic blood pressure rose practically the same number of points, 
reaching its maximum in the known cases of hyperthyroidism in nineteen 
minutes, having a secondary rise in forty-one minutes and remaining 
above normal for an average of an hour and seventeen minutes. In 
the 22 suspects the systolic blood pressure rose to its maximum in an 
average of eighteen minutes. In 4 suspects, the systolic blood pressure 
made a second rise in thirty-nine minutes and remained up for an average 
of fifty-nine minutes. The other 18 cases of this suspect group reached 


1 From a paper read before the Medical Society of the State of North Carolina, at its 
annual meeting in Charlotte, April 21, 1920. ; 
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their highest in thirteen minutes and returned to normal in twenty- 
three minutes. The 20 ‘“‘no hyperthyroids” reached their maximum 
systolic blood pressure in an average of eleven and one-half minutes and 
returned to normal in an average of twenty-two minutes. The normal 
class reached its maximum systolic pressure in seven minutes and 
returned to normal in nineteen minutes. 

Diastolic pressure. In the “known hyperthyroids” the diastolic blood 
pressure fell seventeen points, the maximum fall corresponding in min- 
utes to the maximum rise in systolic pressure and continued in the same 
proportion until a normal level was reached by the systolic pressure. 
In the same 4 suspects mentioned above, the diastolic blood pressure 
fell sixteen points with the maximum systolic rise and returned to normal 
along with the systolic blood pressure. In the other 18 cases the diastolic 
blood pressure fell an average of nine and one-fifth points corresponding 
to the maximum systolic rise. It also returned to normal with the return 
of the systolic pressure to normal. The “no hyperthyroids” gave a 
diastolic fall of seven points which occurred at the same time as the 
maximum systolic increase and returned to normal therewith. The 
normals had a fall of six points in diastolic blood pressure corresponding 
to the maximum systolic rise and returned to normal with that of the 
systolic. 

Pulse pressure. The “knowns” had a maximum increase of fifty-six 
points which pressure returned to normal with the systolic pressure. 
Four suspects had an increase of forty points while 18 suspects had an 
increase of twenty-nine and one-half points. The class of “no hyper- 
thyroids” had an increase of thirty-one points while the normals had 
an increase of twenty-eight points. 

Pulse. In the “knowns” the pulse rate increased an average of 
twenty-seven points. In 4 suspects there was no increase or decrease. 
In 18 suspects there was an average increase of fifteen points (maximum 
increase thirty, minimum increase six). The “no hyperthyroids”’ had 
an increase of fourteen points while the normals decreased three points 
per minute. 

Quality. In the “knowns” the pulse became irregular, unequal and 
varied in volume. Fourteen suspects had the same type of pulse while 
8 had a normal, full, well rounded pulse. In the ‘no hyperthyroids” 
the pulse was equal and regular in 16 cases but there was a slight irregu- 
larity and inequality present. In the normals the pulse was full and 
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bounding, no irregularity or inequality being detected except slight 
inequality in one case. 

Tremor. ‘Tremor, as well as nervousness, was increased in every 
case in the series. Palpitation was present in each case of the series 
and slight diuresis was present in all. A temperature increase of three- 
fifths of a degree in the “knowns”’ was found reaching its highest at the 
end of forty-seven minutes. It increased in all suspects, an average of 
two-fifths of a degree, reaching its highest in an average of forty minutes. 
In the “no hyperthyroids” the temperature was increased two-fifths of 
a degree, reaching its highest in forty-two minutes. In the normals 
the temperature was increased an average of one-fifth of a degree, reach- 
ing its highest in forty-six minutes. 

Respiration. In the “knowns” this was increased an average of five 
points. In 6 suspects it increased an average of four points. In 16 
suspects it increased an average of two points. In the “no hyper- 
thyroids” it increased an average of one point and in the normals 
decreased an average of one and one-half points. 

Apprehension. This was increased in every case of the series. 

Pupillary changes. These changes were present in the whole series 
though in the 6 “knowns” and in 3 suspects there were frequent pupillary 
changes. In all others there was a primary slight dilatation followed 
by an early return to normal. 

Vasomotor changes. These were present in the hands, feet and face 
of the entire series. 

Sugar in the urine. None was found in any specimen. 

Conclusion. As yet I do not consider this small amount of work 
reported upon as sufficient evidence for warranting any definite con- 
clusions. However, if future studies substantiate these findings, we 
will find that the differential diagnosis of tuberculosis and hyperthyroid- 
ism will be made easier for the general practitioner when after the sub- 
cutaneous injection of adrenalin he finds, between fifteen minutes and 
one hour and thirty minutes after the injection, the following: 

1. A systolic blood pressure, rising ten or more points and remaining 
above normal for fifty-five minutes or more. 

2. Increased pulse rate of ten or more points per minute proportionate 
to the systolic rise. 

3. An increase of pulse pressure of thirty-five or more points. 

4, Pulse irregular and varying in volume. 

5. An increase in respiratory rate of four or more points per minute. 
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6. Varying pupillary changes. 

I firmly believe that this test can be made more practical for the general 
practitioner and for that reason we are diligently pursuing these studies 
at the State Sanatorium and hope to have at a future date some more 
definite and positive report to make. 
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PULMONARY FINDINGS DUE TO CIRCULATORY 
CHANGES 


J. S. PRITCHARD anv M. A. MORTENSEN 
Battle Creek, Michigan 


Diminished circulatory force may cause lung alterations which vary 
from slight passive congestion to structural changes and edema. 
Between these extremes a wide range of changes exists, varyingin propor- 
tion to the demand upon and the strength of the heart muscle. That 
gravity exaggerates this lung state is acknowledged, but gravity alone 
does not cause marked hypostasis unless some temporary or permanent 
circulatory defect. exists. 

Venous congestion causing hypostasis without structural changes in 
the lungs disappears, as a rule, under the reduction of cardiac work or 
increase in its efficiency. 

Pulmonary irritation may occur in the form of bronchitis due to 
degeneration in some part of the circulatory system. The lung vessels 
become engorged and the surface epithelial cells infiltrated. In more 
advanced cases of congestion, interstitial changes occur, taking the form 
of engorged capillaries, hemorrhagic infarctions, the appearance of pig- 
mented cells in the sputum, and the formation of fibrotic changes. These 
conditions represent the result of long-standing irritation. 

Infarctions, the result of emboli from the heart and veins, or following 
abdominal or pelvic operations, give extensive pulmonary changes which, 
in turn, may be confused with pneumonia. These may occur on a pre- 
existing pulmonary stasis and add to the confusion. . 

The physical findings in passive lung congestions vary from weakened 
breath sounds with fine rales, especially basal, to impairment on per- 
cussion, accompanied by sibilant rales. The engorgement may reach 
the edematous stage whereby the air cells fill with fluid, causing an 
increase in dulness, and often disappearance of the rales. Congestion due 
to heart disease does not give rise to physical symptoms unless circulatory 
compensation fails or a superimposed infection takes place. Exagger- 


1Read before the Clinical Section of the Sixteenth Annual Meeting of the National 
Tuberculosis Association, Saint Louis, Missouri, April 23, 1920. 
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ated and harsh breath sounds associated with fine rales are the usual 
early physical signs found in the congestive stage. 

Repeated attacks of bronchitis, especially in winter, are a well-known 
accompaniment of cardiac lesions; and, in cases of doubt, the administra- 
tion of digitalis will often result in a marked improvement in the bron- 
chial irritation, indicating that a circulatory deficiency is at least an 
associated factor in causing or exaggerating the symptoms. In mitral 
stenosis the pulmonary changes are marked, and it is in this particular 
type of case that the fibrotic changes are most likely to appear. Hemop- 
tysis in such cases has often led to confusion in differentiating between 
circulatory deficiency and pulmonary tuberculosis. With mitral insuf- 
ficiency the pulmonary changes are, as a rule, more insidious and more 
liable to go from the congestive stage to edema, omitting the fibrotic 
type of pathology. 

The heart, by its action on the adjacent lung tissue, sometimes pro- 
duces respiratory sounds of various types. Especially is this true if 
pleuropericardial adhesions are present. These sounds may be inter- 
rupted or influenced by the respiratory and cardiac rhythm, and some- 
times affected by changes in position. Such sounds are most frequently 
heard near the apex and along the left cardiac border and are perhaps 
found more frequently in tuberculous cases. Systolic murmurs in the 
subclavian region may be considered in the same class. 

In some instances of extreme cardiac enlargement or pericardial effu- 
sion, pronounced expiratory sounds, bronchial in character, due to the 
underlying compressed lung tissue, may be heard over the back of the 
left base. These signs may cause confusion in differentiating between 
pericardial or pleural effusion and pneumonia. 

Lung changes in passive congestion vary according to the type of the 
circulatory degeneration, such as mitral insufficiency, stenosis, myocar- 
ditis, the position of thoracic or aortic aneurysm, or the condition of the 
vessel walls. The symptom complex known as angioneurotic edema 
may account for some forms of pulmonary disturbances. 

The following cases are of interest on account of their pulmonary find- 
ings and symptoms: 


1. Case no. 123893. Male. Single. Age thirty-nine. Printer by trade. 
Mother died at thirty-four with tuberculosis as the probable cause. Patient 
had a severe digestive disturbance at ten years of age, and at twelve suffered 
- a Slight attack of pleurisy. With these exceptions, his health has been good 
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until two years ago when a marked burning in the throat and stomach 
developed, giving a sensation as if acid had been swallowed. This symptom 
came on in attacks lasting for a few days at a time, and was frequently 
accompanied by rather profuse perspiration, especially at night, and shortness 
of breath associated with some cough and expectoration. These attacks have 
occurred at irregular intervals up to the present time. The patient com- 
plained of pains in the legs, especially the back of the thighs and, on exami- 
nation, inspection showed a skin irritation resembling urticaria with slight 
edema. Careful inquiry elicited the fact that this cutaneous eruption and 
swelling appeared, at. intervals, for the past two years, accompanying the 
other symptoms; and at one time during our observation a giant urticaria 
appeared on the right thigh. 

Examination: Urine normal. Blood Wassermann negative. Complement 
fixation test for tuberculosis negative. Repeated sputum examinations 
negative. Intracutaneous tuberculin test negative. 

Chest findings: X-ray stereos: Right lung: Peribronchial thickening and 
infiltration radiating to the apex from an enlarged hilum. No definite signs 
of parenchymatous changes. Left lung: Hilum is enlarged, and the 
descending bronchi are thickened. Physical findings: Slight systolic murmur 
at apex. Right lung: Decidedly roughened inspiration in the first and sec- 
ond interspace in front accompanied by fine moist rales, the latter increased 
over the hilum. Left lung shows roughened breath sounds below the clavicle. 

‘The physical findings are of interest in that the moisture increased with 
the appearance of the cutaneous, respiratory, and gastric disturbances, and 
our conclusions were that the case was possibly one of angioneurotic edema 
with mild respiratory symptoms. We failed to find any sensitizing or other 
cause to account for this symptom complex. 

:This case was repeatedly diagnosed pulmonary tuberculosis and was 
treated for two years as such. 


_ 2. Case no. 102722. Male. Age thirty-nine. Married. This patient 
was sent West eleven years ago on account of pulmonary tuberculosis. The 
last three months he has had a return of pulmonary symptoms, such; as 
cough and expectoration, fever, and loss of weight. Sputum contains tuber- 
cle bacilli. The shortness of breath seemed out of proportion to that 
found in cases of even extensive lung tuberculosis. The chest examination 
showed an enormously enlarged heart to be the chief cause of the dyspnea: 
The cardiodiaphragmatic angles were both obliterated suggesting pericardial 
effusion. Extensive signs of tuberculosis were also in evidence. At the left 
base, in the back, bronchial breath sounds could be heard which disappeared 
after 450 cc. of straw-colored fluid were aspirated from the pericardium, 
proving that compressed lung: tissue accounted for the bronchial breathing. 
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This case is shown to point out an important pulmonary sign, which has 
been emphasized by Norris and Landis; that is, that in certain cases with an 
extremely enlarged heart or pericardial effusion, the lung is compressed at the 
left base, and bronchial breathing may be heard which, in turn, may be 
confused with pleural effusion or pneumonia. 


3. Case no. 117355. Male. Age thirty-two. Married. Farmer. The 
patient comes to us complaining of shortness of breath on the slightest 
exertion. The pulse is 112; temperature 99.4; respiration 27 to 30 while 
sitting in chair. He has coughed for the past two months, and a few days 
ago a slight hemoptysis of 15 cc. occurred. The right lung showed dulness 
over the hilum which extended downwards and outwards towards the base. 
In the back the breath sounds were decidedly weakened over the lower half, 
with a dull percussion note. The left lung showed cogwheel breathing in 
the second interspace in front -with roughened breath sounds in the back as 
low as the fifth rib. From this point to the base, some slight dulness was 
present on percussion. 

In the physical examination, the interesting part is that there were no 
signs of moisture present although there was a decided change in the percus- 
sion note. There was a diffused apex beat with a systolic murmur extending 
into the axilla. The X-ray showed more abnormal pulmonary findings than 
the physical examination. In the right lung a dense, smoke-like shadow 
could be seen extending from the hilum downwards into the base. This 
shadow was irregular in outline and density, and thickened bronchi could be 
determined throughout it. The left lung showed the same irregular, cloudy 
shadow, involving the lung root and reaching the periphery between the 
second and fifth ribs in front. The heart was somewhat enlarged and had a 
configuration suggesting an aortic lesion. The blood Wassermann test gave 
a four plus reaction. Complement fixation for tuberculosis was negative. 

Postmortem report of the lung tissue examined by Dr. Warthin showed a 
chronic passive congestion of the lung, very marked acute edema, and fresh 
hemorrhagic infarctions. The heart was somewhat enlarged and showed 
extensive endocarditis and myocarditis with hypertrophy. 

This case is cited to show structural changes in the pulmonary tissue, the 
result of long standing chronic pulmonary congestion due to cardiac 
insufficiency. 


4. Case no. 129907. Male. Age thirty-eight. Married. Patient was in 
good health until nine years ago when he developed a right frontal sinus 
infection which necessitated an external opening above the orbit and also 
drainage through the nasal cavity. In spite of these radical procedures, the 
sinus continued to discharge for six years until the right turbinates were 
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removed, together with an extensive submucous resection. Since the original 
infection, the patient has had a rather persistent bronchitis with mucopuru- 
lent expectoration free from tubercle bacilli. These symptoms were only 
partly relieved after the sinus discharge subsided. 

A physical examination of the chest showed the presence of fine rales over 
the right hilum in front. The heart sounds were weak, the muscle tone 
poor, and no murmurs were heard. The blood pressure was systolic 120, 
diastolic 74. Chest stereo plates showed enlarged hilum shadows on both 
sides with a generalized peribronchial thickening throughout both lungs, 
more in evidence around the descending bronchi. Wassermann negative. 
Urine normal. No fever. Pulse, 78. Non-protein nitrogen test, 31.7. 
Blood sugar, 90. Alveolar CO; tension, 38. Basal metabolism, minus 9. 

Digitalis was given in this case, and in a very short time the bronchial 
symptoms disappeared, and the general condition of the patient improved 
rapidly. This suggests that the bronchial symptoms were the result of two 
factors: first, the repeated descent of a chronic upper respiratory infection; 
and, second, myocardial degeneration. 


5. Case no. 128718. Age thirty-one. This case has had repeated attacks 
of tonsillitis since boyhood. At eight years of age had a severe attack of 
typhoid fever. Three months ago had a slight hemoptysis. A few weeks 
ago he developed a cold followed by a persistent bronchitis associated with an 
unreasonable amount of dyspnea. 

Examination: Cardiac dulness was increased to the left of the parasternal 
line 12 to 15 cm., and the right border extended 3 to 5 cm. in a corresponding 
direction. A systolic rumble was heard over the cardiac apex radiating to 
the left and followed by a presystolic sound taking the place of the rumble. 
The second pulmonic sound was greater than the second aortic. Blood 
pressure systolic 104, diastolic 70. Electrocardiographic tracings showed an 
unusually large split auricular wave suggestive of mitral stenosis. Moist 
rales at the base of each lung were in evidence, and scattered brhonchi could 
be found throughout the remainder of both lungs. The stereo plates showed 
a generalized peribronchial thickening throughout both lungs, enlarged hilum 
shadows, and the bronchial tree lost its distinct outline throughout the lower 
two-thirds of each lung., The heart was enlarged transversely, and the con- 
tour suggested the mitral type. 

Digitalis was administered, and the respiratory symptoms and moisture 
disappeared in a few days. In this case, cardiac degeneration probably 
accounted for the delayed resolution of “the cold.” 


Dr. C. H. Vrooman, of Vancouver, Canada, reported to us the following 
interesting case. 
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6. The patient came to him suffering from some shortness of breath, 
cough, and streaked sputum. No fever. The pulse ran between 40 and 
50, such as is found in partial heart block. ; 

Physical examination: Showed a double mitral murmur at the apex, both 
systolic and regurgitant. Heart was enlarged transversely. There were no 
basal murmurs, but at the right apex as low as the second rib in front and the 
midscapular region in the back moist rales could be heard. Subcutaneous 
tuberculin test of 0.5 mgm. of O.T. caused a general reaction. The physical 
signs persisted for four years with associated cardiac symptoms. 

A postmortem examination revealed an extensive brown induration of the 
right upper lobe due to chronic congestion. There was no sign of any tuber- 
culosis in this lung. . The only suspicion of the existence of pulmonary tuber- 
culosis was the finding of a slight adhesion at the left apex. The heart 
showed an extensive generalized chronic endocarditis and a small button-hole 
mitral opening with extensive calcification. 


CONCLUSIONS 


1. All pulmonary signs and symptoms call for a careful study of the 
possible etiological factors. 

2. Physical signs in the lung should not be the only basis in making 
the diagnosis. 

3. Myocardial embarrassments of different types produce pulmonary 
signs and symptoms which are often misinterpreted. 

4, In many cases of bronchitis, where doubt of the cause exists, the 
use of digitalis results in the diminution of symptoms and physical signs, 
thereby making this drug of value in diagnosis as well as a therapeutic 
agent. 

5. In many cases with bronchial symptoms, such as are present in 
protracted colds, circulatory degeneration should be considered as a 
possible causative factor as well as upper respiratory affections and pul- 
monary tuberculosis. 

6. Rales due to circulatory causes are not always basal and may 
be found over other parts, even one or both apices. 


THE INTERNATIONAL ASSOCIATION OF ARTIFICIAL 
PNEUMOTHORAX 


Dr.S. Adolphus Knopf of New York transmits the following announce- 
ment which was sent to him by Professor Carpi as a circular letter in 
French, with the request that he translate it and cause it to be published 
in various American periodicals: 


INTERNATIONAL ASSOCIATION OF “PNEUMOTHORAX 
ARTIFICIALIS” 


Lugano, Switzerland, August, 1920. 

The International Association of “Pneumothorax Artificialis,” the 
work of which was discontinued during the long war, desires to resume 
its activity by inviting all former members of the Association to renew 
their subscription and all other physicians interested in artificial pneu- 
mothorax to send their names and addresses to Prof. Umberto Carpi, 
Lugano, Switzerland, and to become members. 

The purpose of the Association is to spread all practical and scientific 
information concerning artificial pneumothorax. Although induced 
pneumothorax for therapeutic purposes has become remarkably prev- 
alent (“Bien que la diffusion de la thérapie du pneumothorax soit devenue 
trés remarquable’’), it has remained a therapeutic procedure applied only 
by physicians specially trained and experienced in this operation. For 
the convenience of the patients who may be obliged to change their 
residences, to know the names and addresses of physicians who practise 
artificial pneumothorax is of great value, in order that the patient may 
continue the treatment by periodic refilling. A complete list of phy- 
sicians practising artificial pneumothorax will be published with the 
scientific journal known as Pneumothorax Thérapeutique for 1920-1921, 
edited by Carlo Forlanini. This list will be sent to all the members 
and to the most important medical societies, medical academies, and 
similar institutions of the different countries. In the journal will be 
enumerated and discussed all the world’s literature on pneumothorax. 
The association will continue its labors under the policy indicated by 
the illustrious master and creator of artificial pneumothorax therapy. 
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As soon as the finances of the society will permit the renewal of the 
publication, the editor will put himself in communication with the 
editors of such medical journals of other countries as are publishing 
articles on artificial pneumothorax. For the present these are Die 
Sonderhefte des Tuberkulose Ceniralblaties iiber Lungenkollapstherapie and 
the collected monographs in the journal La Tuberculosi which appears 
in Rome. 

Subscriptions should be addressed to the General Secretary, Prof. U. 
Carpi, Lugano. The subscriber is entitled to receive the journal with 
the list of names. Those who desire to receive the monographs of the 
journals indicated should make a request for them to the General 
Secretary who also has an international exchange office for all publi- 
cations appertaining to artificial pneumothorax. Summaries in English, 
French, and German on any topic relating to artificial pneumothorax 
will be gratefully received and published. 

Pror. U. 
General Secretary, Lugano, Switzerland. 
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FIRST INFECTION WITH TUBERCULOSIS BY WAY OF 
THE LUNGS 


EUGENE L. OPIE anp HANS ANDERSEN 


From the Department of Pathology, Washington University School of Medicine, Saint Louis, 
Missouri 


A study of the lesions of first infection with tuberculosis was published 
by one of the authors several years ago with the purpose of defining the 
characters of these lesions as well as their frequency in this country (1). 
Occurring in those who have died from all causes, they are usually 
healed and in great part calcified, so that they are readily demonstrated 
by X-ray plates made from the lungs after death. 

The lesions which occur in the lungs of almost all individuals who 
die from conditions other than tuberculosis have the characters of the 
tuberculosis of childhood, that is, they occur as foci in the substance 
of the lung and are not more frequent in the apices than elsewhere. 
They are accompanied by more extensive lesions in the adjacent lym- 
phatic nodes. The occurrence of these focal lesions, which are almost 
constantly found, does not exclude the more familiar type of tuber- 
culosis, namely, the apical lesion. In association with the apical lesions, 
which occur in the later period of childhood and in adult life, there is 
no caseation nor calcification of the regional lymph nodes. In harmony 
with experimental observations, the early focal lesion has the character 
of a first infection and implicates the lymphatic nodes; whereas the 
apical lesion has the character of a second infection and exhibits no 
tendency to cause caseous tuberculosis of adjacent lymph nodes. It was 
shown that apical lesions increase in frequency with increasing age. 
They rarely occurred before ten years of age; from ten to eighteen 
the incidence was 11 per cent; between eighteen and fifty years of age 
the incidence of apical lesions in those who had died with conditions 
other than tuberculosis was approximately 14 per cent; and after the 
age of fifty the incidence of apical lesions was much increased, for 
they were present in more than one-third of those who had died from all 
causes. 
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An accurate interpretation of the pathology of tuberculosis of the 
lungs is dependent upon a recognition of the distinction between (1) 
focal tuberculosis which usually has its origin in childhood and (2) 
apical tuberculosis which appears in the later period of childhood and 
in adult life. 

The size and distribution of calcified focal lesions of the lungs and 
corresponding lesions of adjacent lymphatic nodes are well defined in 
X-ray plates made from the lungs after they have been removed from 
the body. In order to designate the severity of preéxisting tuberculous 
infection it has been convenient to separate the lesions into groups 
corresponding with the magnitude and extent of the calcified nodules. 
This has seemed desirable in order to determine how frequently healed 
pulmonary lesions are as extensive as those active lesions which cause 
death with generalized tuberculosis. In many instances the X-ray 
plate demonstrates that the individual has suffered with tuberculosis 
which would have been recognizable at some time during life had suitable 
diagnostic measures been employed. In some of these individuals there 
has been evidence of dissemination of the infection outside of the lungs 
and its lymph nodes, for in association with extensive lesions of the lungs 
healed tubercles have been found in spleen, liver or other organs. 

The following grouping is convenient though arbitrary, because it 
serves to indicate within wide limits the severity of the preéxisting 
pulmonary infection: 

Group 1. In many lungs there are one or several small nodules within 
the pulmonary tissue, and one or several calcified nodules will be seen 
in the X-ray plate at the hilum of the lung and localized by dissection 
within lymphatic nodes adjacent to the pulmonary focus of calcification 
(plate 1, fig. 1). The largest of the lesions placed in this group seldom 
exceed 0.5 cm. 

Group 2. In nearly half of all the lungs examined the lesions shown 
by X-ray plates are somewhat more extensive (plate 1, fig. 2). There 
ate widely scattered nodules or occasionally a single nodule (0.5 to 1 
cm.) within the lung and larger calcified masses from 1 to 2 cm. in 
adjacent lymphatic nodes. 

Group 3. In a considerable number of instances there are multiple 
scattered nodules within the lung associated with massive calcified 
tuberculosis of lymphatic nodes at the hilum of one or both lungs, 
outside of the lungs in proximity to one or other bronchus, at the bifur- 
cation of the trachea or on one side, usually on the right, of the trachea 
(plate 2, fig. 3). 
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Group 4. In a few instances there is more widespread calcified tuber- 
culosis. The lungs are thickly and often almost uniformly studded 
with nodules, often 0.5 cm. in diameter (plate 2, fig. 4, and the following 
figures). These nodules are represented by conspicuous spots in the 
X-ray plate; but on superficial examination of the lungs themselves 
their great abundance might be overlooked, for only an occasional 
calcified nodule may be seen upon the cut section or below the pleural 
surface. There may be extensive lesions at the hilum of the lung or 
about the trachea similar to those found with the preceding group. 

An examination of X-ray plates from 86 lungs from adults dying from 
all causes, taken at a time when these X-ray plates were made from 
almost every autopsy, showed that the grouping, in accordance with the 
artificial plan described above, was as follows: 


TABLE 1 
Autopsies 


It is noteworthy that the absence of calcified lesions does not exclude 
the occurrence of tuberculosis. This subject has been discussed in a 
former article (Joc. cit.). 

The cases in which healed tuberculosis has been so extensive that 
the lesion has been placed in groups 3 and 4 described above will be 
reviewed in brief detail. A large part of these cases are not included 
in the tabulation just given because they were encountered at a time 
when the routine preparation of X-ray plates had been discontinued. 
These lesions are described because they give evidence that the individual 
has passed through a grave infection which, even though its symptoms 
were so inconspicuous that they left little, if any, impression upon his 
memory, nevertheless subjected him to grave danger at some period of 
his childhood. Many of those who discuss the symptomatology of 
tuberculosis appear to believe that the focal and apical tuberculous 
lesions which are present in a large proportion of all human beings 
are of interest only to the pathologist. The following instances of 
healed tuberculosis emphasize the futility of attempting to draw a line 
between clinical tuberculosis and tuberculosis which fails to impress 
the patient or the physician. 


No calcified lesion shown by X-ray plate. ..........ccccecccececccccccscecerese 7 
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In the seven cases which follow there has been extensive focal tuber- 
culosis of the lungs which has healed with calcification and similar 
more extensive lesions of the regional lymphatic nodes. The extent 
of the lesions in these cases have placed them in group 3; and at the 
same time there has been a dissemination of tuberculosis to distant 
organs, as shown by the presence of healed calcified and encapsulated 
nodules in the liver and spleen. -The occurrence of these nodules in 
association with extensive healed tuberculosis of the lung and pulmonary 
lymph nodes furnishes convincing evidence of their tuberculous origin. 


Autopsy 759. Calcified and caseous focal tuberculosis of lungs; encapsulated 
caseous tuberculosis of lymphatic nodes; fibroid and calcified apical tuberculosis; 
healed tubercles of spleen and liver. A man, aged seventy-four years, died with 
purulent peritonitis following resection of the caecum for carcinoma. There 
is a calcified nodule, 12 mm. across, below the pleura of the right middle 
lobe, with small nodules clustered about it. There is a partly calcified caseous 
nodule in each lower lobe. Lymphatic nodes, containing encapsulated 
caseous foci, occur at the hilum of each lung. At the apex of the right lung 
is an area of fibrous induration forming an area beneath the pleura, 1.5 cm. 
in thickness, containing small cavities with smooth walls. There is no casea- 
tion, but at one point within the fibrous tissue is a calcified focus. Similar 
fibrous induration occurs at the apex of the left lung. The spleen contains 
spherical nodules with fibrous capsule and calcified centres, varying in diam- 
eter from 1 to 2 mm., and two larger nodules with firmly calcified centres are 
3.5 mm. in diameter. The liver contains similar calcified nodules. 

Autopsy 796. Calcified focal tuberculosis of lungs and extensive calcified 
tuberculosis of pulmonary and bronchial lymphatic nodes; healed tubercles of 
spleen and liver. A woman, aged thirty-seven years, died as the result ‘of 
inflammation about a gauze sponge left within the pelvis at operation per- 
formed several years before death. In the lungs (plate 2, fig. 3) are scattered 
calcified nodules, the largest of which in the left lower lobe is 1 cm. across. 
At the hilum of the left lung is a large mass of calcified nodules, measuring 
2.8 x 1.3 cm., and above the left bronchus and below the bifurcation of the 
trachea are partly calcified lymph nodes. In the mediastinum near the 
median margin of the left lower lobe is a calcified lymph node measuring 
1.3.x 0.7 cm. The spleen and liver (plate 2, fig. 3) contain numerous round 
fibrous nodules, about 1 mm. in diameter resembling healed tubercles. 

Autopsy 824. Multiple calcified, partly caseous foci of tuberculosis in lungs; 
extensive caseous calcified tuberculosis of lymph nodes of lungs and bronchi; 
calcified caseous tubercles in spleen and liver. A white woman, aged fifty-one 
years, died with fibrinopurulent peritonitis following the rupture of an ovarian 
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cyst. Scattered in both lungs are nodules containing mortar-like material 
which is dry, caseous, and partly calcified. At the hilum of the right lung 
are partly calcified lymph nodes, 1.5 cm. across, and at the bifurcation of the 
trachea is a partly calcified lymph node, 3.3 x 2 cm. The spleen contains 
several yellowish white nodules from 3 to 5 mm. in diameter, which are partly 
calcified and have in some instances caseous centres. Several similar nodules 
of somewhat smaller size occur in the liver. 

Autopsy 942. Multiple calcified tuberculous foci in lungs; extensive caseous 
calcified tuberculosis of pulmonary and bronchial lymph nodes; healed tubercles 
of spleen and liver. A white man, aged nineteen years. His father died with 
tuberculosis at the age of forty-four years; his mother is ill at present and 
tuberculosis is suspected. Death occurred with purpura hemorrhagica and 
anemia. Five calcified nodules, from 2 to 4 mm. across, occur in the upper 
lobe of the right lung. Calcified areas occur in the lymph nodes at the hilum 
of the right lung, and to the right of the trachea near its bifurcation is a large 
lymph node, 4 x 1.9 cm., in large part replaced by caseous and calcified mate- 
rial. A small calcified focus occurs in the left lung. Caseous and calcified 
encapsulated nodules occur in the spleen and spherical encapsulated bodies 
in the liver. 

Autopsy 1000. Multiple calcified foci of healed tuberculosis in lungs; exten- 
sive calcified tuberculosis of pulmonary and bronchial lymph nodes; healed 
tubercles in liver. A woman, aged fifty-two years, died from pernicious 
anemia. In the upper lobe of the right lung is a firmly calcified nodule, 7 
mm. in diameter; elsewhere in the lung are round calcified nodules from 1 to 
2.5 cm. across. Near the hilum of the right lung is a chain of large calcified 
masses from 0.7 to 1.5 cm. across. Below the right bronchus is a larger 
calcified lymph node, 2.3 by 1.5 cm., and to the right of the trachea another of 
about the same size. In the left lung are several calcified nodules. Below 
the surface of the liver are several firm gray fibrous nodules about 1 mm. in 
diameter. 

Autopsy 1015. Multiple foci of calcified tuberculosis occurring in groups 
in both lungs; extensive calcified tuberculosis of adjacent lymph nodes; multiple 
fibrous and calcified tubercles of spleen. A white man, aged thirty-six years, 
died with syphilitic aortitis, cardiac thrombosis and multiple infarcts. In 
the lower lobe of the right lung is a calcified nodule, 0.5 cm. in diameter, and 
below it a group of smaller calcified nodules in an area, 3.5 x 2cm. In an 
almost straight line, with the long axis of this group and distributed below 
the right bronchus, is a chain of calcified masses, the largest of which measures 
3.8 x 1 cm. In the lower half of the left lung are 3 conspicuous calcified 
nodules, the largest of which is 1.4 x 0.8 cm. Smaller calcified nodules occur 
elsewhere in the left lung. Throughout the spleen are small, hard, spherical, 
fibrous nodules, about 1 mm. in diameter and larger yellow calcified nodules. 
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Autopsy 1016. Multiple calcified foci of tuberculosis in both lungs; extensive 
calcified tuberculosis of adjacent lymph nodes; calcified tuberculosis of mesenteric 
and hepatic lymph nodes; fibrous nodules in liver. A white man, aged fifty-six 
years, died with chronic ulcerative colitis. In the peripheral part of the left 
lung is a densely calcified nodule, 1.1x 0.9 cm. In a straight line with this 
nodule is a chain of calcified nodules, forming an irregular group, 3 x 1 cm., 
distributed below the bronchus to the right lower lobe. Below the right 
bronchus near the bifurcation of the trachea is a very densely calcified mass, 
2.5x 1.7 cm. In the right and left lungs are several scattered nodules, about 
2 mm. in diameter. In the mesentery are two large round calcified nodules, 
7 mm. in diameter, situated close together. The X-ray plate shows that 
calcification within these bodies has a lamellated distribution. Elsewhere 
scattered in the mesentery are round calcified nodules, from 1 to 3 mm. in 
diameter, and similarly lamellated. In contact with the liver is an irregularly 
calcified lymph node, 1.3 x 1.1 cm. Below the capsule of the lung are gray 
nodules, 1 or 2 mm. in diameter. 


It is noteworthy that in autopsy 1016 calcified mesenteric tuberculosis 
together with a similar lesion of a lymph node near the liver has accom- 
panied very extensive tuberculosis of the lung and its lymph nodes. In 
this instance it is impossible to determine whether tuberculosis of 
abdominal lymph nodes had its origin in the intestine or was carried 
from the lungs to these tissues by the blood stream. -Tubercles present 
in this instance in the liver and spleen were hematogenous. 

Among the cases in which the lesion. has been so extensive that it 
has been placed in group 3 healed tubercles of the spleen or liver have 
been absent in only two, which follow. 


Autopsy 999. Calcified focal tuberculosis in right lung; healed calcified 
tubercles resembling miliary tubercles in the same lung; tuberculosis of pulmonary 
lymph nodes. A white man, aged twenty-one years, died as the result of 
endocarditis caused by Streptococcus viridans. In the lower lobe of the 
right lung is a calcified nodule, 7 mm. in diameter. At the hilum of the 
right lung and below the right bronchus, within the lymph nodes, are nodules 
of calcification, from 0.5 to 1 cm. across. Throughout both lungs are nu- 
merous round nodules, 1 mm. in diameter, evenly distributed and resembling 
miliary tubercles. 

Autopsy 1027. Pulmonary foci of calcified tuberculosis; extensive calcified 
tuberculosis of lymph nodes at hilum of right lung; double fibrous and calcified 
apical tuberculosis. A white man, aged thirty-eight years, died with multiple 
sclerosis and pyelonephritis. One brother died of pulmonary tuberculosis at 
the age of twenty-five years, but it is stated that he became sick while away 
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from home and was cared for until his death in a hospital. Scattered in 
both lungs are small calcified and fibrous nodules. Near the hilum of the 
right lung, within lymph nodes, are a large number of densely calcified masses, 
from 0.5 to 1 cm. across. Both apices are puckered; and contain fibrous 
scars in which are calcified nodules, from 1 to 2.5 mm. across. 


Among the nine foregoing instances of extensive focal tuberculosis 
of the lungs there has been associated healed apical tuberculosis in two, 
namely, in autopsies 759 and 1027, aged seventy-four and thirty-eight 
years, respectively. 

The cases which will be described later are grouped together because 
the lungs were the site of very advanced tuberculosis which had healed 
(group 4 above). It is evident from the examination of the lungs, as 
indicated best by the X-ray plates, that at some time preceding death 
the individual has suffered with a severe widespread tuberculosis of the 
lungs, which has not caused death but has persisted so long that caseous 
material has been completely replaced by calcium deposit. It may be 
assumed that the lesion is healed, since all evidence of activity has 
disappeared. 

Autopsies 783, 1405 and 838 demonstrate that these extensive lesions 


may produce secondary tubercles in the liver and spleen and even in 
other organs; yet these secondary lesions like those in the lung may 
undergo encapsulation and calcification. 


Autopsy 783. Numerous calcified and encapsulated healed tubercles in the 
lungs; extensive tuberculosis of the pulmonary and tracheal lymph nodes; healed 
tubercles in liver and spleen. A woman, aged thirty-six years, died with gen- 
eral infection by Staphylococcus pyogenes aureus, following panhysterectomy 
for myomata. Large round firmly calcified nodules occur scattered through- 
out both lungs (plate 2, fig. 4). In each lung there are approximately 15 
nodules, measuring from 2.5 to 5 mm., and smaller nodules in large number. 
In the X-ray plate many of the large nodules have a well defined partly cal- 
cified capsule, which is in sharp contrast with the more opaque firmly calcified 
centre. At the hilum of each lung are several calcified lymphatic nodes, the 
largest of which, situated in the right lung, contains a calcified mass, 1.5 x 1 
cm.; and below the bifurcation of the trachea to the right of the midline is a 
large calcified mass 3x 2 cm. In the spleen (plate 2, fig. 4) there is a round 
firm yellowish white nodule, 1.5 mm. in diameter, situated below the capsule. 
Similar round and at times distinctly encapsulated bodies occur in the liver. 

Autopsy 1405. Multiple large calcified foci of healed tuberculosis throughout 
both lungs; healed calcified tuberculosis of adjacent lymph nodes; healed tuber- 
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culosis of spleen. A white man, aged forty-six years, died with generalized 
carcinoma, primary in the left kidney. The lungs (plate 3, fig. 5) contain 
numerous metastases of carcinoma which are well defined in the X-ray plate. 
In each lung there are about 20 firmly calcified nodules from 3 to 5 mm. in 
diameter. One nodule near the periphery of the lung is 9 mm. across. At 
the hilum of each lung are irregular calcified lymph nodes, the largest of which 
is 1 x 2cm. The spleen contains numerous firm white nodules which are 1 
mm. or more in diameter. 


In the following instance tuberculosis of the lung and of the adjacent 
lymphatic nodes was more extensive than in any other case which has 
been observed by us. In addition to calcified and encapsulated nodules 
in the liver and spleen which resembled the tubercles found in all of the 
foregoing cases there were similar calcified nodules in the pia mater over 
the cerebrum. 


Autopsy 838. Large calcified healed tubercles throughout both lungs; very 
extensive calcified and healed tuberculosis of pulmonary, peribronchial, peritra- 
cheal and posterior mediastinal lymph nodes; calcified nodules (healed tubercles) 
in liver, spleen, and pia mater. A white man, aged twenty-six years. The 
patient had had whooping cough at eleven years of age, pneumonia at sixteen, 


and gonorrhea at seventeen. He used alcohol in excess at intervals. His 
fatal illness began ten months before his death, when several sores appeared 
upon the foreskin. These remained long unhealed. A skin eruption followed 
and the patient was treated for syphilis at Hot Springs, Arkansas, and else- 
where. Two months before death there were severe headache, weakness and 
numbness of the legs and difficulty in urination. Speech was slow and there 
was difficulty in swallowing. Vomiting occurred occasionally soon after 
meals. There had been double vision and pain in the eyes for about one 
month. The Wassermann reaction was positive with the blood serum and 
with the spinal fluid. Circumcision was performed. From June 1 to 4, 
from 10 to 15 minims of 1 per cent solution of bichloride of mercury were 
given daily by intramuscular injection. On June 6, 0.6 gram of salvarsan 
was administered. On June 7, 10 minims of 1 per cent solution of bichloride 
were injected mto the muscle. On June 8 the patient was resting quietly at 
8 p.m. At 1 A.m. he was perspiring, there was tremor and the eyes were 
widely opened, and brownish stringy saliva which later became watery exuded 
from the mouth. 

Almost uniformily scattered throughout each lung (plate 3, fig. 6) are from 
20 to 25 nodules, from 3 to 6 mm. in diameter, together with some smaller 
nodules. Larger, irregularly calcified masses, from 1 to 0.5 cm., occur at the 
hilum of each lung. Below the right bronchus is a similar mass of very large 
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size, measuring 4.2 x 2 cm., and to the right of the trachea is an almost homog- 
eneously calcified mass, 4.3 x 2.8 cm. In the posterior mediastinum, near 
the diaphragm, is a homogeneously calcified body (doubtless a lymph node), 
2x 1.3 cm. Scattered below the capsule of the liver and in the spleen are 
small round nodules, having the character of healed tubercles. Upon the pia 
mater of the right frontal lobe are several calcified yellowish white nodules, 
1 to 2 mm. in diameter, which have the appearance of the calcified tubercles 
seen in other organs. 


The patient had suffered with syphilis, acquired ten months before 
his death. On the one hand there is no evidence that syphilis of the 
meninges can produce calcified nodules of the pia mater, and the firm 
calcification of these nodules indicates that they bear no relation to 
syphilis which was of recent origin. On the other hand they are asso- 
ciated with advanced healed tuberculosis of the lungs and its lymphatic 
system and occur: in association with identical lesions of the liver and 
spleen. The lesions of the pia mater may be regarded as evidence of 
tuberculous meningitis which has healed. 

In the two instances which follow there has been extensive healed 
pulmonary tuberculosis with no apparent dissemination of the lesion. 


Autopsy 862. Multiple firmly calcified and encapsulated foci of healed 
pulmonary tuberculosis; calcified healed tuberculosis of the pulmonary and peri- 
bronchial lymph nodes; fibrous, caseous and calcified tuberculosis of the apices 
of both lungs. A white woman, aged seventy-three years, died with general 
arteriosclerosis and chronic diffuse nephritis with small granular kidneys. 
The pleura at the apex of the right lung (plate 4, fig. 7) is puckered and there 
are several fibrous scars, within which occur caseous and calcified nodules, 
the largest of which is 8 mm. in diameter. At the left apex there is a fibrous 
scar containing calcified areas. Firmly calcified nodules, about 4 mm. in 
diameter, are numerous throughout both lungs, and smaller nodules, 1 or 2 
mm. in diameter, are found. The larger bodies have a double contour as if 
surrounded by a capsule. At the hilum of each lung there are calcified masses 
forming irregularly disposed groups within the lymphatic nodes. 

Autopsy 1235. Numerous foci of calcified tuberculosis scattered throughout 
the lungs; extensive calcified tuberculosis of adjacent lymph nodes; healed tuber- 
culosis of apex of left lung. A white man, aged fifty-one years. At the age of 
sixteen the patient had some fever with night sweats and chills but had 
subsequently been well. Death occurred with syphilitic aortitis, aneurysm 
of the aorta and aortic endocarditis. A Wassermann reaction was present 
during life. In each lung are about 15 calcified and encapsulated nodules, 
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from 3 to 4 mm. in diameter, and about 8 of smaller size. At the hilum of 
each lung are large lymph nodes, the largest 2.2 cm. in length and containing 
encapsulated calcified nodules. A large calcified mass, 2.5 x 1.5 cm., is found 
below the bifurcation of the trachea. A conspicuous calcified mass occurs 
at the right of the trachea and there is another in the posterior medias- 
tinum. At the left apex which is much puckered is a fibrous scar containing 
small calcified nodules. 


Among five instances of very extensive healed focal tuberculosis of 
the lung apical tuberculosis was found in two instances, namely, in 
autopsies 862 and 1235. The ages of the individuals affected were 
seventy-three and fifty-one years. One of the authors has pointed out 
in a previous communication. (Joc. cit.) that healed apical tuberculosis 
is found with greatest frequency in those who have died at an advanced 
age. 


The following instance of extensive healed pulmonary tuberculosis 
is noteworthy because it occurred in a boy fourteen years of age who 
died a few days after the onset of an acute disease. 


Autopsy 1293. Disseminated calcified tuberculous foci in lungs and calcified 
tuberculosis of pulmonary lymph nodes. A white boy, aged fourteen years. 
Following an illness of six days the patient died with general purulent peri- 
tonitis, following the rupture of a gangrenous appendix. The lungs (plate 4, 
fig. 8) which contain a moderate amount of coal pigment are thickly studded 
with numerous calcified yellow nodules, situated below the pleura and within 
the lung substance. These nodules show considerable uniformity in size, 
varying in diameter from 1 mm. or less to3 mm. At the hilum of each lung 
lymphatic nodes contain somewhat larger and more irregularly shaped cal- 
cified nodules. In the liver, spleen and kidneys there are no fibrous or 
calcified nodules. 


Study of these lesions of first infection with tuberculosis has been 
much neglected, but is essential to an understanding of the mode of 
tuberculous infection and the conditions under which it occurs. The 
size and extent of the lesions which have been described demonstrate 
that they are not without clinical significance and have probably been 
accompanied by symptoms such as pyrexia and diminution of body 
weight. 

With few exceptions an X-ray plate made from the lung of an adult 
demonstrates the presence of conspicuous calcified nodules in the lung 
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and in adjacent lymph nodes, whereas in approximately half of all 
adults the healed pulmonary nodules, which are usually multiple, are 
from 0.5 to 1 cm. in diameter, and the more numerous nodules of the 
lymph nodes are from 1 to 2 cm. across (group 2). It is probable that 
these lesions were considerably larger and more numerous in their active 
stage, for tuberculous lesions tend to resolve when recovery occurs and 
persist as calcified masses only when caseation has been present. In 
more than one in every ten individuals the calcified lesions present in 
the lung at autopsy show that the individual has suffered with widely 
disseminated tuberculosis of the lung and massive tuberculosis of the 
adjacent lymph nodes (groups 3 and 4). Evidence of extension of the 
tuberculous infection to distant organs is not uncommon and healed 
tubercles in the liver or spleen, usually in both, have been found in 
10 of 14 instances of extensive healed tuberculosis of the lungs (groups 
3 and 4). 

In one instance, in association with healed tuberculosis of the lungs 
and adjacent lymph nodes, more adyanced than in any other instances 
and with healed tubercles of the liver and spleen, similar calcified nodules 
have been found in the pia mater. Tuberculous meningitis has been 


followed by recovery, with calcification of those meningeal tubercles 
which have undergone caseation. 

No line can be drawn between the lesions which have been described 
and those which produce obvious symptoms and death. The distinction 
between latent and clinical tuberculosis, which is not infrequently made, 
has no other basis than the limitations of diagnostic methods and the 
tendency of tuberculosis to proceed to recovery. 
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PLaTE 1 


Fic. 1. X-ray plate from autopsy 710 illustrating the extent of calcified focal tuberculosis 
represented by group 1. 


Fic. 2. X-ray plate from autopsy 821 illustrating the extent of calcified focal tuberculosis 
represented by group 2, 
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PLATE 2 


Fic. 3. X-ray plate from autopsy 796 illustrating the extent of calcified focal tuberculosis 
represented by group 3. The spleen containing several calcified nodules is shown at the 


upper right hand corner. 

Fic. 4. X-ray plate from autopsy 783 showing disseminated calcified focal tuberculosis 
of the lungs and massive calcified tuberculosis of lymph nodes (group 4). The spleen con- 
taining several calcified nodules is shown at the upper right hand corner. 
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PLATE 3 


Fic. 5. X-ray plate from autopsy 1405 showing disseminated calcified focal tuberculosis 
of lungs and adjacent lymph nodes (group 4). Shadows caused by metastases of carcinoma 


are well defined. 
Fic. 6. X-ray plate from autopsy 838 showing very extensive calcified focal tuberculosis 
of lungs and lymph nodes (group 4). 
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PLATE 4 


Fic. 7. X-ray plate from autopsy 862 showing extensive calcified focal and apical tuber- 
culosis of the lungs (group 4). 


Fic. 8. X-ray plate from a child aged fourteen years (autopsy 1293) showing disseminated 
calcified focal tuberculosis of the lungs (group 4). 
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FIRST INFECTION WITH TUBERCULOSIS BY WAY OF 
THE INTESTINAL TRACT 


EUGENE L. OPIE 


From the Department of Pathology, Washington University School of Medicine, Saint Louis, 
Missouri 


The following observations are recorded in order to explain the signifi- 
cance of tuberculous infection which occurs in childhood and at times in 
adult life and is recognizable subsequently as encapsulated and calcified 
foci of healed or healing tuberculosis. 

Few instances of healed tuberculosis of the mesenteric lymph nodes 
are found among children or adults examined in the city of St. Louis. 
In a series of 93 autopsies made in 1917 upon children and of 50 autopsies 
made on adults no instance of healed mesenteric tuberculosis was found. 
Nevertheless it is probable that primary tuberculosis of the gastro- 
intestinal tract occurs in a small proportion of children in St. Louis as 
elsewhere. An impressive contrast has been furnished by .autopsies 
performed on British soldiers made at Base Hospital 21 stationed at 
Rouen, France, for they have demonstrated the surprising frequency of 
healed calcified, occasionally still partially caseous or even frankly 
caseous, lesions of the mesenteric lymph nodes. Healed focal and 
lymphatic tuberculosis of the lungs similar to that seen in St. Louis was 
common (plate 1, fig. 1) and often the lesions were very extensive; but 
instances in which little if any old pulmonary tuberculosis was demon- 
strable appeared to be much more common among the British than in 
St. Louis where the former observations had been made. It is not 
improbable that the lower incidence of the lesions of the lungs bears some 
relation to the greater frequency of localized infection by way of the 
intestinal tract. 

Caseous or calcified mesenteric nodules were found in 18 instances 
among 66 young male adults whose age with few exceptions varied from 
twenty to thirty years. Among 15 autopsies of which notes were lost the 
proportion of mesenteric tuberculosis was approximately the same. In 
a number of instances X-ray plates were made from both the mesentery 
and the lungs; and they serve to show with considerable accuracy the 
size and position of the calcified lesions which were present. 
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Since the lesions under consideration have their origin in childhood 
they rarely exhibit fresh caseation. In one instance there was active 
caseous tuberculosis of a mesenteric lymph node. Beginning calcifica- 
tion was not evident when the node was sectioned, but an X-ray plate of 
the freshly removed mesentery shows a characteristic shadow of calcifica- 
tion which occupies a narrow zone at the edge of the caseous area. 


Autopsy 43. Caseous tuberculosis of mesenteric lymph node with beginning 
calcification; the lungs show no evidence of tuberculosis. Age was twenty-two 
years. Death occurred as the result of lacerated wounds of both thighs with 
suppuration and gas gangrene. The lungs (plate 1, fig. 2) sectioned to 3 mm. 
after hardening in formalin exhibit no evidence of tuberculosis. In the 
mesentery (plate 1, fig. 2) near the intestine is a firm lymph node 8 by 5 mm. 
which has a caseous centre and a gray peripheral zone about 1 mm. in thick- 
ness. The X-ray plate shows beginning calcification. | 


In three instances the tuberculous lesion was still obviously caseous 
though it was encapsulated and doubtless localized. Calcification 
was so advanced that it had given the caseous material a mortar-like 
consistency. 


Autopsy 65. Caseous and calcified tuberculosis of mesenteric lymph nodes; 
no tuberculosis of lungs was found. Age was twenty-one years. Death 
occurred with suppurative bronchopneumonia following mustard gas poison- 
ing. The lungs and lymph nodes of the neck were examined at the time of 
autopsy but no evidence of fresh or old tuberculosis was found. In the 
mesentery was a lymph node in large part replaced by caseous material which 
was surrounded by a fibrous capsule. In another node was a caseous and 
partly calcified area 3 mm. across. 

Autopsy 75. Calcified and caseous tuberculosis of mesenteric lymph nodes; 
no tuberculosis of lungs was found. Age was twenty-seven years. Death 
occurred from a penetrating wound of the thigh followed by suppurative 
thrombophlebitis with infected infarcts of the lungs. The lungs and lymph 
nodes of the neck examined at autopsy exhibited no evidence of tuberculosis. 
At the base of the mesentery were two partially calcified caseous masses, 1.8 
and 1.5 cm. across. The caseous material was dry and mortar-like, con- 
tained firmly calcified particles and was surrounded by a fibrous capsule. A 
lymph node containing smaller nodules of similar character occurred nearby. 

Autopsy 80. Calcified and caseous tuberculosis of mesenteric lymph nodes; 
no tuberculosis was found in the lungs. Age was twenty years. There were 
wounds of the left lez with compound fracture of the tibia and fibula, ampu- 
tation through the right thigh and contusion of the liver. No tuberculosis 
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of the lungs nor of adjacent lymph nodes was found at autopsy. Numerous 
lymph nodes in the mesentery measuring less than 1 cm. in their long diam- 
eter were caseous and partly calcified. In the mesentery of the ileum was a 
chain of six nodes, each from 0.7 to 1 cm. across, containing firmly calcified 
nodules with diameter from 3 to 4 mm. 

With focal tuberculosis of the lungs it is not uncommon to find lesions 
in the same lung showing differences in the degree of calcification which 
suggest differences in the age of the selesions. At autopsy 80 some le- 
sions of the mesentery were caseous and calcified, whereas others were 


completely healed and firmly calcified. 


In thirteen instances the mesenteric lymph nodes contained com- 
pletely healed firmly calcified tuberculous lesions. 


Autopsy 13. Calcified lymph nodes in mesentery of ileum; calcified nodule 
(perhaps calcified tubercle) of ileum; there was no evidence of old tuberculosis in 
lungs. Age was twenty-six years. Death occurred as the result of a bomb 
wound of the brain, bronchitis and bronchopneumonia. In the X-ray plate 
from the lung are two minute shadows less than 0.5 mm. across and situated 
at the apex of the lung. The lung was hardened in formalin and sectioned 
into pieces 0.3 mm. in thickness, but no nodules were found. In the mesen- 
tery corresponding with the ileum were numerous firmly calcified masses, the 
largest of which was 1.5 cm. across. Situated in the mucosa of the ileum 
about 3 cm. from the ileocaecal valve was an elevated calcified nodule 
about 3 mm. in diameter. 

Autopsy 24. Healed calcified tuberculosis of mesenteric lymph nodes; there 
was no tuberculosis of the lungs. Age was twenty-one years. Death was the 
result of a penetrating wound of the brain, a metal fragment being lodged 
within the cerebrum. Adhesions bound the right pulmonary apex to the 
chest wall. The X-ray plate of the lungs contained a minute shadow 1 mm. 
in diameter which was suspected of being a calcified nodule; but sections of 
the lung hardened in formalin and cut from 2 to 3 mm. in thickness failed to 
reveal any suggestion of healed or other tuberculosis. In the mesentery of 
the jejunum was a group of firmly calcified lymph nodes about 1.5 cm. across. 

Autopsy 28. Healed calcified tuberculosis of the mesenteric lymph node; no 
evidence of tuberculosis of the lung was found though a minute shadow sug- 
gesting a calcified nodule in the substance of the lung was seen in the X-ray plate. 
Age was nineteen years. Death was caused by a penetrating wound of thigh 
and wounds elsewhere, with fragments of metal lodged in the tissues and gas 
gangrene. In the X-ray plate (plate 2, fig. 3) a round shadow 3 mm. in 
diameter was seen near the outer edge of the upper lobe of the right lung; but 
on section of the hardened lung into thin pieces no nodule was found. No 
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shadows were found in the X-ray plate at the hilum of either lung and the 
lymph nodes contained no evidence of tuberculosis. At both apices the 
pleura was thickened. In the mesentery of the ileum (plate 2, fig. 3) there 
was a calcified lymph node 1.2 cm. across. 

Autopsy 32. Healed calcified tuberculosis of mesenteric lymph node; no 
tuberculous lesions were found in lungs. Age was thirty years. Death oc- 
curred with gas gangrene following amputation through the right thigh for 
gun shot wounds; there was contusion of the chest. In the lung sectioned 
into pieces 3 mm. in thickness no tuberculous lesions were found. In the 
mid-part of the mesentery, about 3 cm. from the intestine, is a firmly calcified 
body 1.5 cm. x 8 mm. 

Autopsy 41. Healed calcified tuberculosis of mesentery; calcified nodule near 
apex of left lung; obliteration of pleural cavity on left side. Age was twenty-one 
years. Death occurred as the result of a penetrating wound of the cerebrum. 
The left pleural cavity is obliterated by adhesions; and there are a few adhe- 
sions on the right side. In the X-ray plate there is a round shadow, 2.5 mm., 
near the left apex; but none is seen at the hilum. (There is no note con- 
cerning the examination of the lung hardened in formalin.) The mesentery 
contains a small calcified nodule 3 mm. across. 

Autopsy 42. Calcified tuberculous lymph node of mesentery; the lungs showed 
no evidence of tuberculosis. Age was twenty-three years. Death occurred 
as the result of a lacerated wound of the left thigh followed by gas gangrene. 
The lungs sectioned into pieces, 0.5 cm. thick, show no evidence of tubercu- 
losis. Near the mid-part of the mesentery is a firmly calcified nodule, 1.5 
x 1 cm. 

Autopsy 45. Extensive calcified tuberculosis of mesentery; no tuberculosis of 
lungs was found. Age was twenty-four years. Death was the result of 
a penetrating wound of the chest with a piece of metal lodged in the right 
lung and abscess formation. The X-ray plate (plate 2, fig. 4) showed a piece 
of metal near the base of the right lung. The lungs, sectioned after harden- 
ing to 3 mm., showed no evidence of tuberculosis. In the mesentery (plate 
2, fig. 4) was a group of calcified nodules close to the ileocaecal valve. They 
were continuous with a mass of calcified lymph nodes, of which the largest was 
2 cm. across, situated at the base of the mesentery. Another group of cal- 
cified lymph nodes was scattered in the mid-part of the mesentery near the 
intestine, about 20 cm. from the ileocaecal valve. 

Autopsy 44. Calcified tuberculous lymph nodes of the mesentery; the lungs con- 
tained no evidence of tuberculosis. Age was thirty-one years. Death occurred 
with suppurative bronchopneumonia following mustard gas poisoning. In the 
lungs (plate 3, fig. 5), sectioned after hardening to 3 mm., no tuberculous 
lesions were found, though in the X-ray plate there was a round shadow 
suggesting a calcified nodule in the lower part of the right upper lobe. There 
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was no shadow at the hilum. In the mesentery (plate 3, fig. 5), correspond- 
ing with the mid-part of the ileum, there were a considerable number of 
calcified masses, two of which were 1.2 and 1.5 cm. across. 

Autopsy 72. Small calcified encapsulated tubercles in lymph nodes of 
mesentery; no tuberculosis was found in lungs. Age was thirty-two years. 
There were penetrating wounds of the thighs, with fracture of the right femur 
and gas gangrene. No evidence of fresh or old tuberculosis was found in 
the lungs at autopsy. In the mid-part of the mesentery was a lymph node, 
6 mm. in length, containing an encapsulated nodule, 1.5 mm. across, with a 
calcified centre. In another node was a similar nodule 1 mm. across, with 
a firmly calcified centre. 

Autopsy 77. Calcified tuberculous masses in mesentery; no tuberculosis of 
lungs was found. Age was twenty-three years. Death occurred as the result 
of a penetrating wound of the vertebral column, severing the spinal cord and 
followed by suppurative meningitis. In the lungs examined at autopsy there 
was no evidence of tuberculosis. Midway between the intestine and the 
base of the mesentery there was a firmly calcified mass 2 x 1 x 1 cm.; and 
nearby was a second calcified nodule 4 mm. across, over which the peritoneum 
was puckered. 

Autopsy 82. Healed calcified tuberculosis of mesenteric lymph nodes; no 
evidence of old or recent tuberculosis was found in the lungs. Age was twenty- 


seven years. Death occurred with multiple wounds of face and. limbs, 
amputation through right thigh and suppurative bronchopneumonia. No 
evidence of old or recent tuberculosis was found at autopsy in the lungs or in 
the adjacent lymph nodes. In the mesentery was a round calcified nodule 
13 mm. across; and nearby were three smaller nodules. 


In a series of autopsies made in St. Louis, evidence of first infection 
with tuberculosis was found in the lungs of every adult examined. 
This first infection may be regarded as a spontaneous vaccination which 
confers immunity during the period of its activity at least. The asso- 
ciated immunity like that of experimental animals is doubtless relative 
and not absolute, so that under favorable conditions reinfection may 
occur. Apical tuberculosis, which usually pursues a chronic course and 
in most persons undergoes complete healing, has been found in the lungs 
of 22 per cent of adults above the age of eighteen years included in the 
former study. In two of eighteen instances of partially or completely 
calcified tuberculosis of the mesenteric lymph nodes herewith described 
(and perhaps in a third, namely, autopsy 41) there has been apical 
tuberculosis of the lungs, which, unlike the primary focal lesions of the 
lung, is unaccompanied by evidence of tuberculosis of the adjacent 
lymph nodes at the hilum of the lung. 
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Autopsy 12. Calcified lymph node in the mesentery near the ileocaecal junc- 
tion; fibroid tuberculosis near the apex of the right lung with calcification; a 
calcified nodule below the pleura and another in the lung substance, adjacent io 
right apex, together with old pleural adhesions. Age was twenty-two years. 
Death occurred as the result of suppurating shrapnel wounds of the brain 
and elsewhere. Near the apex of the right lung there was an indurated area 
about 3 cm. across, containing gray nodules and one spot of calcification. 
Corresponding with firm adhesions along the posterior border of the upper 
lobe, there was a calcified nodule, 3 mm. across, below the pleura; and in the 
lung substance, just below it, a smaller nodule. In the mesentery near the 
ileocaecal valve there was a calcified lymph node, 1.2 cm. in diameter. 

Autopsy 22. Calcified tuberculous lymph nodes of mesentery limited to ileo- 
caecal region; chronic apical tuberculosis of right lung. Age was twenty-one 
years. Death occurred as the result of a penetrating wound of the chest 
wall, spleen and thoracic vertebrae, with a metal fragment lodged in contact 
with the spinal cord which was compressed. At the apex of the right lung 
(plate 3, fig. 6) was a nodular tuberculous mass occupying the upper 5 cm. 
of the organ, the surface of which was puckered and adherent to the chest 
wall. In the mesentery of the ileocaecal region there were two calcified 
nodules, each about 1 cm. across. 


The following instance of tuberculosis in a Cornish miner is of interest 
because, in association with firmly calcified tuberculosis of the mesenteric 
lymph nodes, there was active tuberculosis of abdominal and thoracic 
lymph nodes, together with tuberculosis of the pleural and pericardial 
cavities. There was advanced anthracosis of the lungs, but no pulmonary 
tuberculosis was found. It is not possible to determine what part 
anthracosis of thoracic and abdominal lymph nodes has had in favoring 
or retarding the spread of lymphatic tuberculosis in this case. 


Autopsy 78. Healed calcified tuberculous lymph node of mesentery; caseous 
tuberculosis and anthracosis of anterior mediastinal, peritracheal, peribronchial, 
peripancreatic and retroperitoneal lymph nodes; anthracosis of lungs and of 
pulmonary lymph nodes but no pulmonary tuberculosis. The patient was aged 
thirty-six years, a member of a labor battalion and a resident of Cornwall. 
Death occurred with disseminated tuberculosis and with anthracosis of the 
lungs. 

. Anatomical diagnosis: Chronic tuberculous pleurisy and pericarditis; active 
tuberculosis of peritracheal, peribronchial, anterior mediastinal, hepatic, 
peripancreatic and retroperitoneal lymph nodes; calcified nodule in mesentery; 
anthracosis of lungs, of pulmonary, peribronchial, peritracheal, peripan- 
creatic, hepatic and retroperitoneal lymph nodes and of spleen. 
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The lungs were adherent to the mediastinum, in which occurred caseous 
lymph nodes, the largest of which were 2 cm. across. The left lung was 
adherent at the apex and the left cavity contained serous fluid. The right 
pleural cavity was partially obliterated. There was fibrin on the surfaces of 
the pleura and caseous material within the pleura. The pericardial cavity 
was obliterated; and within the epicardium were grayish white nodules. Peri- 
tracheal and peribronchial lymph nodes were greatly enlarged, densely hard 
and black with coal pigment; they contained caseous foci. The lymph nodes 
about the liver and pancreas and in the retroperitoneal tissue were bluish 
black and in places tough and airless. There was no evidence of active or 
healed tuberculosis, either in the lungs or in the anthracotic lymph nodes 
within the lung substance. In the spleen, along blood vessels, were well 
defined lines of anthracotic pigmentation. The mesentery of the ileum 
contained a calcified nodule of irregular outline, 6 x 3 mm. 


The calcified nodule found in the mesentery in this instance cannot be 
regarded as an instance of healed tuberculosis, for it is possible that the 
active tuberculosis disseminated within the lymphatic system and in 
serous cavities had its origin in this older lesion. This autopsy has not 
been included among instances of first infection by way of the mesentery 
although it is probable that the primary source of infection was the 


gastrointestinal tract. 


The foregoing study of tuberculosis in adults who, with one exception, 
have died with conditions wholly unrelated to tuberculosis has shown 
that evidence of first infection with tuberculosis may be found in the 
mesenteric lymph nodes of one of every four young British adults, where- 
as similar lesions are relatively uncommon in this country. The greater 
frequency of tuberculosis among cattle in Great Britain suggests itself 
as an explanation. It is noteworthy that in those in whom these mesen- 
teric lesions occur focal tuberculosis of the lung is scant or absent. 
Table 1 in the foregoing article (1) indicates the relative extent of calci- 
fied focal tuberculosis of the lungs in a series of adults examined in St. 
Louis. It is significant that, in contrast with this series of moderate 
and extensive pulmonary lesions, focal tuberculosis of the lung was not 
found in any instance of mesenteric tuberculosis. In autopsies 13, 24, 
28, 41 and 44 small shadows suggesting focal lesions were found in the 
X-ray plate; but corresponding lesions were not demonstrable in the 
lungs sectioned into thin slices after hardening. In none of these lungs 
were corresponding shadows found at the site of the lymph nodes at the 
hilum of the lung. Although focal lesions are inconspicuous if not wholly 
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absent, primary infection of the mesentery does not prevent tuberculous 
infection of the lungs, for healed apical tuberculosis has occurred in two 
instances; and in one instance there has been active widespread tubercu- 
losis of the lymphatic system. The evidence available indicates that 
first infection with tuberculosis does not uniformly prevent a second 
infection but modifies its course so that it tends to become chronic and 
exhibits little tendency to become disseminated. 

Lesions of the intestine, corresponding to those of the mesenteric 
lymph nodes, doubtless tend to disappear; for caseous material within 
an intestinal ulcer is rapidly disintegrated and removed. In one instance, 
namely in autopsy 13, a calcified nodule was found in the intestinal 
mucosa of the ileum. 

When healed lesions are present in the mesentery focal tuberculosis 
of the lungs is seldom found. First infection with tuberculosis may 
occur by way of the lungs or by way of the gastrointestinal tract; and 
the occurrence of one lesion tends to prevent the other. 
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PLATE 1 


Fic. 1. X-ray plate showing calcified tuberculosis of the lungs and adjacent lymph nodes 


with no tuberculosis of mesentery. 
Fic. 2. X-ray plate from autopsy 43 showing beginning calcification in a caseous lymph 


node of the mesentery and no tuberculosis of the lungs. 
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PLATE 2 


Fic. 3. X-ray plate from autopsy 28 showing large calcified lymph node of the mesentery. 
There is a small round shadow suggesting calcification in the substance of the lung but none 


in the region of the lymph nodes at the hilum. 

Fic. 4. X-ray plate from autopsy 45 showing extensive calcified tuberculosis of mesenteric 
lymph nodes; no calcified nodules are Shown in the lungs. A metal fragment which caused 
death is embedded in the lung. 
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PLATE 3 


Fic. 5. X-ray plate from autopsy 44 showing calcified tuberculosis of mesenteric lymph 
nodes. There are two small round shadows in the substance of the lung but none in the 


region of the lymph nodes at the hilum. 
Fic. 6. X-ray plate from autopsy 22 showing tuberculosis of mesenteric lymph nodes 
and apical, partially calcified, tuberculosis of the lung. 
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A CASE OF ARTIFICIAL PNEUMOTHORAX COMPLICATED 
BY HYDROPNEUMOTHORAX AND PLEURISY WITH 
EFFUSION IN THE UNTREATED SIDE 


MAURICE FISHBERG 
New York 


Experience with artificial pneumothorax has taught that we may 
expect effusions in the treated pleural cavities in from 50 to 75 per cent 
of cases. As long as the fluid remains serous, the prognosis is fair, or 
even good. The fluid may be small in amount and disappear within a 
few weeks. When copious, it assists in keeping the affected lung col- 
lapsed and at rest, thus doing what we expect to accomplish with the 
inflated gas. It has also been stated that certain biochemical reactions : 
are brought about by the fluid which promote cicatrization of the tuber- 
culous lesion, as can be seen at times when a small amount of fluid, 
which cannot assist much in compressing the lung, and which is quickly 
absorbed, is instrumental in detoxicating the patient and promoting 
healing of the lesion much more quickly than would ordinarily be 
expected. 

It is, however, different when, after collapsing a lung by artificial pneu- 
mothorax, an effusion appears in the untreated pleura. Here for mechan- 
ical and functional reasons we would expect the danger to be immense. 
When the lung is completely collapsed by air in the pleural cavity, the 
breathing area is reduced by about one-half. An effusion into the 
untreated pleura will reduce the lung’s breathing area by as much as 
that fluid succeeds in compressing it. If the effusion is copious it may 
fill one-half, or more, of the pleural cavity, doing away with that much 
of functionally active lung, and only about thirty-three per cent, or 
less, is left for normal function. 

This is apparently of rare occurrence. Forlanini, who treated hun- 
dreds of cases with therapeutic pneumothorax, never met with a case. 
Neither has Saugman. Brauer and Spengler (1) in their recent study 
on pneumothorax state that there is no record of such a case in medical 
literature, and that they had not enountered one in their extensive 
experience. However, in a recent number of the Zeitschrift fiir Tuber- 
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kulose, Emil Als (2) reports a case and says that it is the only one so far 
recorded in medical literature. 

In this connection, the following case may prove of interest. Here 
we observed an effusion into the pleural cavity in which a pneumothorax 
was created, and another one in the untreated side. 


B. K., twenty-six years, housewife, admitted February 2, 1919. Married 
for five years, one child four years of age. She felt well till June, 1918, when 
‘she began to cough. At times this was of the emetic type. Has had fever, 
nightsweats, etc. Consulted a physician who informed her that she had 
tuberculosis and advised climatic treatment. She went to the mountains 
and remained there till the end of December, 1918, when she returned to the 
city feeling much improved. But within a few weeks the fever, cough, night- 
sweats, etc., returned and she was told that her trouble was mainly due to 
influenza and bronchopneumonia. When the writer was consulted in Jan- 
uary, 1919, no signs of influenza or bronchopneumonia could be found, but 
the symptoms and signs showed a frank case of advanced pulmonary tuber- 
culosis, with an extensive excavation of the upper and middle lobe of the 
right lung and slight infiltrative changes.in the left apex. Because of the 
activity of the process and the gloomy outlook, an artificial pneumothorax 
was suggested. 

She was soon admitted to the Montefiore Hospital; and on February 12, 
1919, the first puncture was made in the sixth right interspace in the axillary 
line. Excellent negative pressure was found and 350 cc. of air was allowed to 
enter the pleura. On alternate days further inflations were made, until 
about 3000 cc. were injected, when the lung was completely collapsed. She 
apparently absorbed the air more quickly than usual and refills were necessary 
at very frequent intervals. However, the temperature showed a tendency to 
decline within a few days, and in two weeks it reached normal and stayed 
there for about six weeks. Concurrently her cough disappeared, her appetite 
returned and her general aspect improved to an extent as to encourage her 
very much, 

During the last week of May she began to complain of frontal headache, 
pain in the chest and her temperature rose to 103° F. Within a few days signs 
of fluid, flatness, succussion, etc., were discovered in the right side of the chest. 
Exploratory puncture brought out clear, lemon colored serum. Within 
a few weeks the temperature again declined to 101° F., though the fluid in 
the right pleura remained, filling about one-third of the cavity but showing 
no tendency to increase in amount. As is usual in these cases, we permitted 
the patient to take mild exercises as long as the temperature was not much 
above 100° F. 
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On June 20 the patient began to complain of severe, stabbing pain in the 
left chest, and the thermometer registered 101° F., and three days later even 
103° F. Within a few days, examination showed no change in the resonance 
of the left side of the chest, but a soft friction was audible over the lower half 
in the anterior axillary line. On June 30 the pain in the left chest disap- 
peared, but an examination disclosed signs of an effusion into that pleura. 
Especially suggestive of fluid was flatness over Traube’s semilunar space. 
A radiogram confirmed the findings on physical examination. Exploratory 
puncture brought out clear, straw colored fluid. 

The fluid kept on increasing in the left side, while in the right side of the 
chest there was a hydropneumothorax, but the patient felt quite well, though 
now and then she would suffer from attacks of dyspnea and cyanosis which 
were quite acute; but rest and encouragement would soon bring about an 
improvement. Because of these acute symptoms we on two occasions aspi- 
rated the left pleural cavity, obtaining about 200 cc. of fluid. I then resorted 
to autoserotherapy, withdrawing in an aspirating syringe 5 or 10 cc. of fluid 
and reinjecting it subcutaneously, every three or four days. 

During the middle of August, after the upper level of the fluid in the left 
pleural cavity had reached the fourth rib, it began to disappear, the upper 
level coming down lower and lower. With this there was also to be noted a 
gradual decline of temperature, and an improvement in the breathing and 
general well-being of the patient. It is noteworthy that with the absorption 
of the fluid from the left pleural cavity the fluid in the right side, the hydro- 
pneumothorax, also was absorbed. By the end of September the tempera- 
ture was normal and remained so for over a month. With the absorption of 
the fluid the pain in the left chest returned. But her general condition kept 
on improving, the cough became slight, and she gained in weight. At her 
own request, she was discharged in very good condition October 8, 1919. 


This case has some interesting phases. It may be said that at the 
time when the fluid in the left chest filled one-half of the pleural cavity 
while the hydropneumothorax compressed the right lung completely, 
hardly more than one-half of the breathing area of the lung remained 
fit to perform the function of respiration. Still the patient was not 
constantly cyanosed, though her breathing was at times labored and 
almost always rapid. Slight exertion or excitement brought about 
dyspnea and cyanosis, but after rest and encouragement she felt com- 
paratively comfortable. Moreover, these effusions in both sides of the 
chest did not interfere with the immediate salutary outlook; the im- 
mediate prognosis remained good, and she improved to an extent as to 
be fit for discharge with the advice that she seek climatic treatment. 
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It should be added that as soon as the left pleural cavity was filled with 
fluid we discontinued the inflations of gas into the right pleura. After 
the absorption of the fluid in the right side, the adhesions of the pleura 
prevented further inflations. But inasmuch as the constitutional symp- 
toms of active tuberculosis abated, there was no reason for recommenc- 
ing pneumothorax treatment. 
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Fic. 1. PNEUMOTHORAX IN RicHT SIDE oF CHEST. TAKEN Marcu 10, 1919 


Fic. 2. HypROPNEUMOTHORAX IN Ricut CHEST: PLEURAL EFFUSION IN LEFT CHEST. 
TAKEN Jury 1, 1919 
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A ROENTGENOLOGICAL STUDY OF INFLUENZA, WITH 
RECOVERY, IN AN ADVANCED CASE OF 
PULMONARY TUBERCULOSIS 


LOUISA T. BLACK anp MARY MOORE 


National Jewish Hospital for Consumptives, Denver, Colorado 


It does not seem justified to draw elaborate conclusions regarding the 
effect of influenza bronchopneumonia upon pulmonary tuberculosis in 
man from the study of a single case; but it was thought that a series of 
roentgenological pictures taken upon a far advanced open case of pulmon- 
ary tuberculosis, passing through and recovering from an attack of 
influenza, would help elucidate this intricate subject. As has been fre- 
quently pointed out, it is true that pulmonary tuberculosis is a disease 
influenced by multiple factors difficult of analysis; but it seems that the 
point of primary interest to us from an elemental standpoint should be 
whether influenza has any effect upon the anatomic amount of tubercu- 
lous involvement of the lungs, as observed before and following this 
acute disease. Fortunately this may well be depicted in a series of 
roentgenographs. 

Since the passing of the influenza epidemic of 1918-1919 there have 
appeared in the literature a number of important contributions made 
as a result of studies upon groups of consumptives, those contracting 
influenza while afflicted with pulmonary tuberculosis and being resident 
in sanatoriums as compared to nontuberculous residents likewise ob- 
served; and studies, truly only relative, on the incidence of newly devel- 
oped or recrudescent pulmonary tuberculosis in cases having been 
afflicted with influenza and those not so affected, although the latter 
group is imperfectly considered in most studies, probably because of the 
difficulty encountered in obtaining accurate data. The majority of 
observers seem inclined toward the view that consumptives were in 
some unknown way less susceptible to influenza during the epidemic and 
that pulmonary tuberculosis was not to be feared as a grave sequela to 
the epidemic, although there are a few studies seemingly pointing to 
an opposite conclusion. 
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As a result of the study of 173 consumptives in the St. Blasien Sana- 
torium in Germany, of whom 40 developed influenza, and 90 non- 
tuberculous individuals of whom 40 also developed influenza, Rick- 
mann (1) concludes that the location and course of the pneumonias 
were not influenced by the character and amount of tuberculous involve- 
ment of the lungs and that the danger of spread of the tuberculous proc- 
ess after influenza was slight when immediate treatment was instituted. 
The cases with a large amount of tuberculosis were markedly incapaci- 
tated by pneumonic infiltrations into healthy tissues and the consequent 
easily induced cardiac failure. 

Hawes (2), as a result of the study of the epidemic in Massachusetts, 
believed that an acute attack of influenza, usually associated with bron- 
chopneumonia of greater or less severity, had remarkably little effect 
on the already existing tuberculous process as far as increasing its spread 
or its activity is concerned. Stivelman (3) reviewed the influenza epi- 
demic among 175 tuberculous patients and 50 nontuberculous employees 
at the Montefiore Home Country Sanatorium and concluded that pneu- 
monic consolidations occurred as frequently in the nontuberculous as 
in the tuberculous, and that careful observations for four months and 
reéxamination of all the patients affected with influenza showed them 
none the worse for the experience, their general condition being as good 
as might be expected normally. He also noted no increase in the num- 
ber of tuberculous patients seeking admission to the sanatorium as a 
result of influenza. Murphy (4) found no measurable increase in the 
incidence of tuberculosis as a result of the influenza epidemic and cites 
Landis as warning against calling the persistent and slowly resolving 
patches of influenza-pneumonia tuberculosis. He also points out that 
known cases of tuberculosis are going to offer considerable difficulty as 
to whether the increase in physical ‘signs is due to an extension of the 
tuberculous process, or a slowly resolving influenza pneumonia which is 
clearing up. Gram (5), as the result of a detailed survey in Buffalo, 
comes to the conclusion that there is nothing to be feared as regards 
tuberculosis as a sequel to influenza. Anderson (6) also points out, as a 
result of clinical studies, that there was no particular tendency for 
influenza to reactivate old arrested lesions. Although there were a 
great many diseased conditions of the lungs that have persisted since 
the epidemic, careful study showed that very few are actually tubercu 
losis. Fishberg (7) likewise believes that epidemic influenza has no 
etiological relation to tuberculosis and is not to be considered as a 
reactivator of dormant tuberculous lesions. 
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Berghoff (8) reported his observations from Camp Grant on 30 cases 
of quiescent pulmonary tuberculosis, and found that of these 17 con- 
tracted influenza, 4 of the latter dying. Study of the remaining 13 
cases of influenza revealed a reactivation of the tuberculosis with devel- 
opment of a positive sputum in 6, or 50 per cent. Amberson and Peters 
(9) in two contributions made from the Loomis Sanatorium state that 
influenza is likely to be particularly grave in cases of pulmonary tuber- 
culosis with massive lesions and little pulmonary reserve, and that a not 
inconsiderable proportion of individuals with pulmonary tuberculosis 
suffer exacerbations or relapses as a result of this intercurrent infection. 
In a certain number of individuals—a number large enough to deserve 
serious consideration—epidemic influenza marks the inception of definite 
pulmonary tuberculosis which did not previously exist as clinical tuber- 
culosis. Among those already tuberculous, influenza may to a varying 
degree reactivate quiescent or apparently inactive lesions. That a large 
number do not pursue such a course and escape definite permanent 
damage is not denied. 

In this survey of the literature no reference was found to cases of 
pulmonary tuberculosis in which roentgenographs had been made before, 
during and for some time subsequent to the attack of influenza. It 
has therefore seemed desirable to record such a case, the following record 
being of further interest because it occurred in a far advanced consump- 
tive, with cavities in the lungs and with a positive sputum, so that a 
locus minoris resistentiae so to speak, produced by the influenza attack, 
would certainly result in plentiful seeding of all parts of the lung, both 
those involved by influenza and those remaining free throughout the 
course of the acute disease. 


CASE REPORT 


Clinical record. The patient, a male, age thirty-seven years, an automobile 
assembler by occupation, entered the hospital December 13, 1919, complaining 
of cough, expectoration and loss of weight. He did not appear to be acutely 
ill; his general physical condition seemed to be fair; he was able to work for 
about four hours a day without provoking further constitutional symptoms; 
and his temperature varied from normal to 99.2°. On physical examination 
there was evidence of a chronic bilateral pulmonary tuberculosis with cavities 
at both apices. Tubercle bacilli were found in the sputum,—three to six 
bacilli to a field. Diagnosis: Advanced bilateral pulmonary tuberculosis 
with cavitation in both upper lobes. Two months after admission he devel- 
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oped influenza followed by bronchopneumonia. On physical examination 
there was evidence of consolidation of practically the entire right lung. The 
influenzal bronchopneumonia ran a severe course for fourteen days when the 
clinical symptoms became milder and associated with this there was evidence 
of a beginning resolution. The resolution, however, was slow and protracted. 
During the attack of influenza the sputum increased in amount and tubercle 
bacilli became much more numerous. At the present time, five months after 
the attack of influenza, the sputum is decreased in amount, tubercle bacilli 
are present, from three to six to a field, and the physical signs and roentgeno- 
logical plates indicate that the patient’s pulmonary condition is about the 
same as upon admission. The maximum temperature is 99.2°F. 


ROENTGENOLOGICAL FINDINGS! 


Before the advent of influenza. (Fig. 1.) The right apex is completely con- 
solidated, the apical bronchus being obliterated. The first interspace bronchus 
is densely consolidated and there is a well defined cavity. The second inter- 
space is densely outlined with dense consolidations and multilocular cavities. i 
The third interspace bronchus is densely outlined and there is some consoli- : 
dation toward the mediastinum. The interlobar fissure is not visible. The 
lower lobe bronchi are densely outlined with a few scattered consolidations 
toward the mediastinum. The left apex is consolidated. The first left 
interspace bronchus is densely outlined and there is a marked consolidation 
and cavitation. The second interspace bronchus is densely outlined and there 
is some consolidation. The third interspace bronchus is densely outlined and 
consolidated. The interlobar fissure is absent. The lower lobe bronchus 
is densely outlined and is more consolidated than the right lower lobe. The 
trachea is in the midline and the heart is_in a normal position. The right 
diaphragm seems to be adherent to the right lung in the mid-mammary line, 
the left diaphragm and pericardium are adherent. : 
Four days after influenza began. (Fig. 2.) Findings are only modified by 
a marked inflammatory. mottling extending downward into the right lower 
lobe. There is also an increase in the transverse cardiac diameter indicating 
cardiac dilatation. The left lung remained unchanged. , 
Twelve days after the onset of influenza. (Fig. 3.) The acute inflammatory 
increase in density of powder-puff variety (bronchopneumonia) has extended 
throughout the entire right lung while the left lung remains unaffected. 
Six weeks after the onset of influenza. (Fig. 4.) The right lung involve- 
ment is now confined mainly to the base (resolution), while the left lung 
remains as before the incidence of the acute bronchopneumonia. The trans- 
verse cardiac diameter is still increased. 


1 These data are given in conformity with the ideas of Garvin, War Medicine, 1919, ii, 974. 
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Four months after. (Fig.5.) The right lung has still an appreciable density 
at the base, while the upper and middle lobes are no more involved than before 
the incidence of the influenza. The left lung remains unchanged, while the 
heart has diminished to its original size. 

Five months after. (Fig. 6.) There still remains a slight amount of in- 
creased density at the base of the right lung toward the mediastinum and 
along the bronchi. Otherwise this roentgenograph compares well with that 
obtained before the incidence of the influenza. 


CONCLUSIONS 


In view of the fact that tuberculosis, being a chronic disease, is sus- 
ceptible to multiple individual and combined influences, it is rather to be 
expected that there is bound to be a decided difference of clinical opinion 
on any single factor in this disease among different groups of observers. 
It is not our purpose to enter into an elaborate consideration of all these 
factors, but merely to point out that certain types of inflammation, such 
as those produced by Corper (10) with croton oil, turpentine, capsicum 
and cantharidin, do not seem to accelerate tuberculosis in the guinea pig. 
As to influenzal bronchopneumonia we may state that in this case there 
has been no acceleration of the tuberculous process in the lungs five 
months after the influenza. 


We wish to express our appreciation to Drs. H. J. Corper and H. Gauss for aid in the 
preparation of this paper and to Dr. W. W. Wasson for some of the roentgenological data. 
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MASKED JUVENILE TUBERCULOSIS' 


J. V. COOKE ano T. C. HEMPELMANN 


From the Department of Pediatrics, Washington University, and the Saint Louis Children’s 
Hospital 


It is well known that evidence of previous tuberculous infection is 
almost universal among adults. The additional observation that prob- 
ably the majority of these infections occur during childhood makes the 
question of tuberculosis of peculiar interest to the pediatrician, because 
upon his diagnostic acumen depends the recognition of many of these 
infected individuals. From the discrepancy between the incidence of 
definite clinical tuberculosis in children and the number of older children 
with positive skin reactions, it seems obvious that one must distinguish 
between tuberculous disease and infection with the tubercle bacillus, 
since many children who have been definitely infected do not show what 
we term clinical tuberculosis. ‘There must be, therefore, a large group 
of children who are infected but develop sufficient immunity or resistance 
to overcome the infection, and possibly subsequent infections, without 
showing the usual signs and symptoms of clinical tuberculosis. In 
other words, many children are infected with the tubercle bacillus and 
thereafter, for a variable and unknown length of time, harbor somewhere 
in their bodies a pathologically active tuberculous focus the presence 
of which may go entirely unsuspected. It is to this group of cases that 
we wish especially to direct attention. Because the focus of infection 
is usually obscure, because they represent a type of lesion prevalent 
in childhood, and because we feel that they are neither inactive, latent 
or quiescent, we shall speak of them as masked juventle tuberculosis. 

In a recent study of a large number of children by the complement 
fixation test for tuberculosis made by one of us (1), it was noted that 
of the cases without manifest tuberculosis a certain group gave positive 
fixation reactions. ‘This observation led to a more careful clinical study 
of these cases for evidences of tuberculosis. From this study we are 
satisfied that there is a fairly large group of children who have, in all 


1 Read before the Clinical and Pathological Sections, at the Sixteenth Annual Meeting 
of the National Tuberculosis Association, St.Louis, Missouri, April 23, 1920. 
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probability, some active focus of tuberculosis which is unrecognized in 
many instances, and that a large number of such cases may be detected 
by the complement fixafion test. 


METHODS 


The technique used in carrying out the complement fixation reaction 
has been described previously (2) and will not be given here. It may 
be mentioned, however, that an emulsion of dried, powdered tubercle 
bacilli which had been grown on Dorset’s egg medium and precipitated 
by alcohol was used as antigen. In the series of cases comprising this 
study 213 fixation tests were made on 131 children. In 41 instances 
the test was repeated on the same specimen of serum. The test was 
repeated on another specimen of blood in 25 cases, 3 times in 4 cases, 
and 4 times in 1 case. 

For the purpose of this study, we have excluded all children showing 
evidence of open or manifest tuberculosis, whether of a medical or 
surgical nature. This at once eliminated cases of active bone tuber- 
culosis, tuberculous cervical adenitis, pulmonary tuberculosis with 
bacilli in the sputum or those with chest findings so characteristic as 
to leave no doubt concerning the pathological process, etc. During the 
course of the study, which extended over a period of about two years, 
it happened on several occasions that a child in the group under obser- 
vation developed a tuberculous cervical adenitis, Pott’s disease, or 
other frank lesion. In such instances, the case was taken from the class 
of masked juvenile tuberculosis and placed in the known tuberculosis 
group, and not included in this series. An attempt was made to have 
the patients report to the dispensary at frequent intervals for exami- 
nation, attendance being stimulated by a “follow-up” system and home 
visits by a social worker. The methods pursued in the study of the 
patients were as follows: 

The history was not always reliable because among the poorer classes, 
who furnished the material for this study, tuberculosis frequently goes 
unrecognized and supposed minor ailments pass unnoticed. A record 
was made not only of the chief complaint for which the patient came 
to the clinic or hospital, but also of former illnesses, cough, exposure to 
tuberculosis, fever, anorexia, loss of weight, etc. Night sweats occur 
from such:a variety of different causes in childhood as to be of no 
particular significance and for this reason questions concerning this 
symptom were not emphasized. 
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Repeated and careful physical examinations were made by each of 
us in almost every instance, chest findings being noted before roentgen 
ray and verified by study of the plates. In addition many cases were 
subjected to the more careful scrutiny of hospital study. In a few 
children the study was incomplete because of insufficient visits by the 
patient. The routine chest examination included a special search for 
evidence referable to enlargement of the tracheobronchial nodes, such 
as D’Espine’s sign, and dulness to the right or left of sternum or spine. 

Skin tuberculin tests were made on all patients studied, and in only 
3 was this record incomplete because the child did not return for the 
reading. As a rule a Pirquet test was done on the first visit, and if 
this proved negative, 0.1 mgm. of tuberculin was injected intracutane- 
ously. Certain patients had repeated tuberculin tests made. 

A roentgenogram of the chest was obtained in all but 14 children of 
the series. In many instances a second plate was taken after the lapse 
of several months or a year, in order to note what change, if any, had 
taken place. Stereoscopic pictures are much more difficult to obtain 
in children than in adults and consequently we have had to depend 
almost entirely upon single flat plates for this phase of the examination. 
Stereoscopic plates, when they could be taken, were, of course, eminently 
more satisfactory than the flat plate. 

Papulonecrotic tuberculides, lichen scrofulosorum and phlyctenular 
keratitis or conjunctivitis provoked our especial interest because they are 
known to bear a very close relationship to tuberculosis, even though 
their etiology is still the subject of debate. Search for tubercle bacilli 
in the sputum was made in relatively few cases, because it seemed 
unlikely that the type of case under study would yield positive results 
in this respect except in the rarest instances. 


DISCUSSION 


The cases of masked tuberculosis studied formed part of a larger 
group of 1556 children upon whom complement fixation tests were 
performed (1). The results in the 116 who had manifest tuberculosis, 
including chiefly pulmonary, meningeal and bone involvement, with 
some cases of generalized infection, are of interest. The test was uni- 
versally negative in infants under one year of age and was positive in 
only two-fifths of the cases between the first and second years. From 
the third to the sixth year the percentage of positive reactions rose to 
50, and with each succeeding year it increased rapidly so that between 
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nine and fifteen years of age 82 per cent of children with such active 
tuberculosis gave a positive complement fixation test. Another group 
of 556 cases with no evidence of tuberculous infection and with negative 
skin tuberculin reactions, gave only 19, or 3.4 per cent, positive reactions. 
Of 128 children who gave only skin tuberculin reactions, but no other 
evidence of tuberculous infection, 21, or 16.4 per cent, were positive. 
We were able to examine only 20 well children whom we had observed 
during an obviously active tuberculosis some years ago. These children 
had been free from all signs for from two to six years, and only 2 gave 
positive fixation reactions. These rather striking figures in themselves 
indicate that positive fixation tests accompany, in a very considerable 
proportion of cases, evidences of clinical: activity in tuberculosis and 
are found in a relatively small proportion of children without such 
evidence. 

While it is true that our interest was first aroused by a small group 
of children with positive fixation tests but without clinical tuberculosis, 
we soon found that upon more careful examination a considerable per- 
centage of these children showed one or more evidences of abnormality 
which are frequently found in tuberculosis. Among these were para- 
vertebral or parasternal dulness, D’Espine’s sign, malnutrition or loss 
of weight, asthenia, anemia, occasional elevation of afternoon temper- 
ature, attacks of unexplained fever, cough, or phlyctenular conjunctivitis. 
Our attention having been attracted to such a group, we made an effort 
to study clinically all cases in which there was any suspicion of tuber- 
culosis, in order to determine the significance of the fixation test in these 
cases. We soon found other cases with an identical clinical picture but 
with negative fixation tests. The group of children included in this 
study, therefore, has been selected primarily by clinical examination 
without reference to the result of the complement fixation. 


Table showing result of complement fixation tests in masked juvenile tuberculosis 


NUMBER OF POSITIVE PERCENTAGE OF POSITIVE 
AGE IN YEARS TOTAL NUMBER FIXATIONS FIXATIONS 


0-1 0 0 0 
1-2 5 2 40 
2-4 10 5 50 
4-6 19 12 63 
6-9 45 33 73 
9-12 31 23 74 
12-15 21 20 95 
131 95 73 
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The results of the complement fixation test in this group are given 
in the table. It will be seen that no cases under one year of age are 
included, and only 5 in the second year. This is due to the fact that 
infants giving positive tuberculin skin tests were with a few exceptions 
considered to have a definitely active tuberculosis, and were, therefore, 
not included in the study. The groups of children. over two years of 
age show a gradually increasing proportion of positive reactions as the 
age advances, from 50 per cent between the second and fourth years 
to 95 per cent between the twelfth and fifteenth years. This gradually 
increasing percentage of positive reactions follows closely a similar 
increase found in the group of manifest tuberculosis previously men- 
tioned. It will be noted also that of the children over four years of 
age, there is a total of 116, of whom 76 per cent were positive. This, 
too, corresponds closely to the proportion of cases reacting positively 
between these ages in the group of manifest tuberculosis. 

There appears to be no question that the complement-fixing substances 
in the blood of tuberculous individuals are quite distinct from those 
which produce the skin tuberculin reaction. We have shown that a 
group of children with manifest tuberculosis gave a high proportion 
of positive fixations, whereas a large number of control cases, without 
demonstrable evidence of tuberculosis, gave only a very small percentage 
of positive results. Another group, in which the only evidence of tuber- 
culosis was a positive skin reaction, gave fixations in only a small number 
of instances (16.6 per cent). Moreover, 8 of the frankly tuberculous 
cases gave negative tuberculin tests, while 4 of these showed positive 
complement fixations. In explanation, it might be said that these were 
cases of tuberculous meningitis and miliary tuberculosis, in which the 
skin tests were made a few days before death. In such instances a 
negative tuberculin reaction is not unusual. It seems likely that 
whereas a positive Pirquet or intracutaneous reaction affords proof 
merely of infection by the tubercle bacillus, past or present, the fixation 
test is an expression of pathologic activity of that lesion. The parallel- 
ism between the percentage of positive fixations in the group of children 
under discussion and in those with manifest tuberculosis would in itself 
speak strongly for the conception that the former have some active 
focus of tuberculosis. 

The figures quoted above, while striking, do not in themselves furnish 
absolute proof that the children under discussion had active tuberculous 
disease. Indeed, it is improbable that such proof can ever be obtained, 
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except through autopsy. No deaths have occurred in our series and in 
all probability the vast majority of children with masked tuberculosis 
overcome their infection and ultimately recover. There is, however, 
considerable additional evidence that these children harbor an active 
focus. 

It is usually admitted that in children infected with the tubercle 
bacillus, the common sequence of events is that the organism enters 
the respiratory tract and produces an early involvement of the tracheo- 
bronchial glands, with or without much reaction at the portal of entry. 
One might expect, therefore, some of the earliest clinical evidences of 
infection to appear in the hilum glands, and consequently we have 
directed a great portion of our efforts to an examination of this region. 
In the group of cases under discussion, we have paid particular attention 
to the presence or absence of dulness to the right or left of the sternum 
and spine, D’Espine’s sign and examination by means of the roentgen 
ray. Paravertebral or parasternal dulness was present in a little over 
four-fifths of the cases examined, and D’Espine’s sign (not considered 
positive unless the whispered pectoriloquy extended beyond the second 
dorsal spine) was found present in an equal percentage. In only approxi- 
mately half of the. cases was it possible to obtain data regarding the 
history of a persistent cough, but in over 90 per cent of these children 
this symptom was present. Changes in voice and breath sounds, areas 
of impaired resonance, rales, etc., while their presence was occasionally 
noted, were for the most part conspicuously absent in the character of 
cases we are attempting to describe. 

In performing the skin tests on large numbers of children, we have 
confirmed the observation made by others, that a positive intracutaneous 
reaction with 0.01 or 0.1 mgm. tuberculin is not infrequently found in 
children who have previously given a negative Pirquet test. The 
children here reported showed positive skin tests in all but 7 instances. 
Three of these were done during convalescence from one of the acute 
exanthemata, when a suppression of the reaction is not uncommon, 
while in the remaining four no intracutaneous test was performed. In 
all these cases, other signs were present which justified their inclusion 
in this group. The skin tests, therefore, indicate that practically all 
these children were exposed to tuberculosis. In 57 instances, there was, 
in addition, the history of contact with a clinically active case. 

Although slight febrile reactions are considered quite significant as an 
indication of activity in tuberculous infection, the high incidence of 
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minor respiratory and other infections in pediatric dispensary practice 
makes one hesitate to attach too much importance to this symptom 
alone. However, in 82 of these 131 children, a temperature of 99.6°F, 
or higher was recorded at one or more visits to the dispensary. Certain 
cases which were in the hospital, where careful observations could be 
made, showed definite afternoon temperature elevations of from 1° to 
2°. In other instances, periods of unexplained fever which lasted several 
days were noted. Temperature observations to be of value, therefore, 
must be made at frequent intervals and the observations continued over 
a considerable period of time. Such exact data it was impossible to 
secure in the type of dispensary cases we are reporting. 

Malnutrition in dispensary patients frequently is an indication of 
insufficient food, but in an analysis of the children with masked tuber- 
culosis the nutrition has been noticeably below the average. For 
example, in less than one-fifth of the cases was the' nutrition what might 
be termed good. In about 40 per cent of the cases it was fair (slightly 
under the average weight for the age) while in an equal proportion it 
was distinctly poor, that is, 10 to 20 pounds underweight. There were 
no cases with extreme anemia, but, as might be expected from the state 
of nutrition, moderate grades of anemia were frequently encountered. 
In many instances advice was first sought because of a marked asthenia 
and anorexia. When, as a result of the diagnosis of masked tuberculosis, 
an antituberculosis regimen was ordered, improvement was often surpris- 
ingly prompt and marked. 

The association of phlyctenular disease with tuberculosis needs no 
comment here, and this has in some instances been the initial factor 
in attracting our attention. In 20 children there was a fresh or recently 
healed phlyctenular keratitis or conjunctivitis. In 7 other instances 
there were tuberculous skin lesions, 5 of them being of the papi. 
necrotic variety and 2 of lichen scrofulosorum. 

A roentgen ray picture of the chest was made in all but 14 of the 131 
children, and proved a valuable adjunct to the clinical examination. 
We readily concede the impossibility of determining from a roentgeno- 
gram alone the exact nature of a lesion in the lung, but we consider it 
highly significant that without exception every one of the 117 children 
so examined showed deviations from the normal which were at least not 
incompatible with the diagnosis of tuberculosis and in most instances 
suggested this disease very strongly. Practically all cases showed an 
increase in the hilum markings, the shadows being most commonly of 
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a rounded, crescentic, or triangular shape. Often the hilum shadow 
was extended well out into the lung parenchyma in the form of a more 
or less extensive fuzzy mottling, studded here and there with small, 
discrete, sharply defined spots which suggested calcified nodules. Simi- 
lar discrete spots were frequently visible throughout the diffuse hilum 
shadows. Thickening of the bronchial tree was commonly observed; 
and many times there was a well marked streaking extending from the 
hilum downward to an irregular diaphragm shadow. On the whole, 
there was a quite uniform agreement between the size and position of 
the hilum shadows and the paravertebral and parasternal dulness. The 
roentgen ray picture typical of masked tuberculosis, then, is that usually 
found in tuberculosis of the tracheobronchial nodes and frequently 
shows extension of the process into the lung parenchyma. In all exami- 
nations we have paid especial attention to signs of infection in the lung, 
because the finding of tuberculous foci in other portions of the body 
without pulmonary involvement is unusual in this locality. The diag- 
nosis of some hidden focus elsewhere offers obvious difficulties; and, 
while we have borne this possibility in mind in studying the cases, we 
have been unable to secure any evidence of it. 

The terms “bronchial gland tuberculosis” or “hilum tuberculosis” 
have not been employed to describe this group of cases, chiefly because 
of their somewhat limited scope. Although enlargement of the tra- 
cheobronchial nodes was frequent in our cases, we believe that this 
represents one phase of masked tuberculosis. Indeed it is quite con- 
ceivable that these glands may be entirely normal, and the chief 
lesions occur among the mesenteric group, or elsewhere in the body. 
In portions of the British Isles, for example, where alimentary infec- 
tion is relatively more common, one would expect the foci of infection 
in masked juvenile tuberculosis to be located not infrequently in 
abdominal structures. 

As to the fate of children with masked tuberculosis, three possibilities 
suggest themselves. The first of these, which we believe to be by far 
the commonest, is regression of the lesion with recovery. Indeed, it 
seems quite likely that these relatively harmless lesions may stimulate 
the body to produce certain protective substances against future infec- 
tions, and thus constitute part of the defense mechanism against tuber- 
culosis. A second outcome is the development of a more manifest 
tuberculosis through extension of the process; indeed, we have observed 
a child with relatively insignificant clinical signs who developed a 
spondylitis. The third possibility is the persistence of the masked 
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lesion or tuberculous focus to adult life with a possible later develop- 
ment of an active tuberculosis. The recognition of this masked form 
of tuberculosis becomes, therefore, a matter of the greatest importance, 
because the inauguration of an antituberculosis regimen results usually 
in prompt and lasting improvement to the patient, and insures, we feel, 
a reasonably good chance of recovery in a disease of notoriously uncertain 
outcome. 

One possible application of this study has especially interested us. 
The frequent finding in adults of healed tuberculous foci which corre- 
spond to the juvenile rather than the adult type of tuberculous disease, 
as well as the high incidence of positive tuberculin skin reactions in 
older children, have led to some speculation regarding the original 
infection. It seems probable that in many cases this first infection 
_ occurs in childhood, but relatively few of such cases are recognized. 
We believe that, chiefly by the use of the complement fixation test, we 
have caught a number of children in the active phase of such early 
focal tuberculous infection. 

From what has been said, therefore, it must appear that we believe 
that masked juvenile tuberculosis presents a sufficiently distinctive 
clinical type to deserve a prominent place in the category of tuberculous 
affections in childhood. The characteristic clinical picture may be 
briefly sketched as follows: a history of frequent coughs and colds, 
with or without known exposure to tuberculosis, attacks of unexplained 
fever, often with afternoon elevations, anorexia, loss of weight and 
asthenia. On physical examination, there is found more or less malnu- 
trition, occasionally anemia, and chest signs referable to enlarged tracheo- 
bronchial nodes. In certain instances there may be in addition phlyc- 
tenular disease or skin tuberculides. The Pirquet or intracutaneous 
tuberculin tests are positive, and, in those over four years of age, three- 
fourths of the children give a positive complement fixation test’ for 
tuberculosis. The chest findings may be verified by the use of the 
roentgen ray which not infrequently reveals unsuspected lesions of 
varying size and age in the lung parenchyma as well. The diagnosis 
must of course rest not in any one of the points mentioned, but rather 
upon a review of all the findings; and there again we wish to empha- 
size the value of the complement fixation test in calling attention to 
this class of cases. 
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A COMPARISON OF GROSS TUBERCULOUS LESIONS IN 
WHITES AND NEGROES 


AS BASED ON 150 AUTOPSIES 


J. B. ROGERS 


From the Percy Shields Memorial Research Laboratory, Cincinnati Tuberculosis Sanatorium, 
and Depariment of Bacteriology, University of Cincinnati 


The question of comparative rapidity and extent of tuberculous lesions 
in the colored and white races remains unsettled. Some would attri- 
bute the high mortality of the Negroes from tuberculosis to an inherent 
racial susceptibility; others, to unsanitary living conditions which are 
more or less dependent on their lower state of mental development. It 
is not the purpose of the present article to solve this important problem, 
but, as nearly as possible, to draw certain comparisons between gross 
tuberculous lesions found at autopsy. It is obvious that exact compari- 
sons are hard to make, particularly in pulmonary lesions where the path- 
ology is so complex and varied in different cases, and where the tendency 
at autopsy is perhaps to emphasize the pathological lesions that have a 
direct bearing on the clinical study of the case. It is true, however, 
that a series of autopsy findings observed by a single operator can be 
more closely correlated than if observed by several. 
The observations of this paper were made on a series of 150 autopsies, 
performed by the writer on 75 colored and 75 white cases at the Cin- 
cinnati Tuberculosis Sanatorium. ‘This institution has an annual death 
rate of more than 200, of which more than 50 per cent come to autopsy. 
At the beginning of this work, I had the good fortune to come in pos- 
session of the work of Dr. Kennon Dunham, whose researches on the ' 
pathology and X-ray picture of tuberculous lesions has greatly advanced 
our knowledge of the processes. 
The great majority of the colored patients were either natives of Cin- 
cinnati or of the Southern states, and with rare exceptions were of the 
uneducated type. The white patients were comparable in intelligence 
to the class generally admitted to city charitable institutions. The 
average age of the colored at the time of death was thirty-five years and 
that of the whites forty-four years. Thirty-six per cent of the colored 
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and 21 per cent of whites were positive Wassermann cases. It might 
well be stated that, of more than 800 patients studied routinely by the 
Wassermann method, it was found that 34 per cent of the Negroes and 
9 per cent of the whites when admitted had positive Wassermann sera, 
and that in the colored coming to autopsy the increase was only 2 per 
cent, while in the whites it was from 9 per cent to 21 per cent. This 
seems to substantiate the claim that luetic infections exert a more baneful 
influence on white than on colored people. 


Duration of disease. An attempt to obtain accurate information in 
regard to the duration of the disease was futile, this being particularly 
true of the ignorant Negro. Certain hints, however, could be obtained 
which might indicate it. Of the Negroes, 29 gave a history of more than 
one year duration, the average of these being two years and twelve 
days. Thirty-nine gave a history of less than one year, the average 
being five and one-half months, giving a general average of one year and 
one month. One gave a history of life-time duration and in five the 
duration was unknown. 

Of the whites, 32 gave a history of more than ‘one year duration, the 
average of these being three years. Thirty-two gave a history of less 
than one year, the average being four months, giving a general average 
of one year and six months. Thirteen were unable to give an intelli- 
gent history, most of these being foreigners and unable to speak or 
understand English. 


History of exposure. Under this heading we include any associations 
resulting in close personal contact with consumptives, such as members 
of the family, roommates or business associates. Of the Negroes only 22 
gave a positive history; of the whites, 23. Eleven of the colored and 15 
of the whites gave a probable history of exposure, leaving 42 of the 
colored and 37 of the whites entirely negative. 


Pleural adhesions. Colored: The pleural sac was entirely obliterated 
on the left side in 23 cases; the right in 24; and a complete obliteration 
was present on both sides in 16. Localized adhesions were found as 
follows: Left apex, 20 times; right apex, 22 times; left base, 10 times; 
and the right base, 4 times. Bilateral adhesions were found in 55 cases, 
and unilateral in 20 (7 on the left side and 13 on the right). 
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White: The left pleural sac was obliterated in 26 cases and the right 
in 26. Complete obliteration of both sides was found 10 times. Local- 
ized adhesions were noted as follows: Limited to the left apex, 37 times; 
right apex, 31 times; left base, 5 times; and the right base, 8 times. 
Bilateral adhesions were found in 65 cases, unilateral in 9 (4 on the left 
side and 5 on the right), and 1 case was entirely free from adhesions. 


Empyema and hydrothorax. Colored: In 3 cases empyema, and in 12 
cases hydrothorax were found on the left side; while on the right 4 cases 
of empyema and 3 of hydrothorax were noted. Inno case was a bilateral 
empyema found, but a bilateral hydrothorax was present 5 times. 

White: Three cases presented a left sided and 2 a right sided empyema, 
and 1 case a bilateral. Hydrothorax was found on the left side in 4, 
and on the right side in 5 cases and bilateral in 5 cases. 


Cavities. Colored: Cavities were located in the lobes as follows: 
Upper left, 50 times; upper right, 53 times; lower left, 26 times; lower 
right, 25 times; and the right middle lobe, 25 times. In 7 cases the. 
entire upper lobe on the right side was excavated, and in 1 case the 
upper and middle lobes, and in 1 case the entire right lung was hollowed 
out by cavities. The left upper lobe was excavated in 7 cases, and in 2 
cases the entire left lung was destroyed. 

White: Cavities were found as follows: Upper left lobe, 56 times; 
upper right, 61 times; lower right, 34 times; lower left, 26 times; and the 
right middle lobe, 18 times. The entire upper left lobe was excavated 
7 times; the entire left lung, 7 times; and the upper right lobe, also 7 
times. 


Extensive caseous pneumonic consolidations. These were located in the 
colored as follows: Upper left lobe, 25 times; lower left, 29 times; upper 
right, 25 times; lower right, 27 times; right middle lobe, 9 times. Aspi- 
ration bronchopneumonia was found 45 times in the left and 60 times 
in the right lung. 

White: Upper left, 25 times; lower left, 15 times; upper right, 26 
times; lower right, 18 times and 10 times in the right middle lobe. Aspi- 
ration bronchopneumonia was found 35 times in the left and 60 times in 
the right lung. 


Marked edema and congestion. Colored: Extensive edema and con- 
gestion were found in the left lung in 42 and in the right lung in 58 cases. 
White: Left lung, 57 cases; right lung, 67 cases. 
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Miliary tuberculosis. Colored: Miliary outspread from old tuber- 
culous lesions was found in 7 cases and acute generalized miliary tuber- 
culosis in 3 cases. 

White: Miliary outspread was found in 12 cases and generalized 
miliary tuberculosis in 3 cases. 


Larynx. These cases were examined with particular reference to 
ulcerations. Colored: In 43 cases the larynx and trachea were removed 
and examined. Of these, 32 or 75 per cent showed ulcerations. The 
ulcers were located as follows: Entire larynx a mass of ulcers, 2 cases; 
epiglottis, 5 cases; vocal cords, 19 cases and the trachea 6 cases. 

White: Out of 40 cases in which the larynx was removed, ulcerations 
were found in 24 or 60 per cent. The ulcers were located as follows: 
Entire larynx ulcerated, 4 cases: epiglottis, 10 cases; vocal cords, 17 
cases; and in the trachea in 5 cases. 


Intestines. Colored: The intestines were removed and examined in 
75 cases; macroscopic ulcerations were found in 57 or 79 per cent. 

White: Out of 75 cases, ulcerations were found in 62 or 82 per cent. 

An attempt was made to find'some condition in the lungs which was 
constantly associated with intestinal ulcers. It was not found, however, 
inasmuch as some open cases with positive sputa and extensive excava- 
tions were associated with intestinal ulcers, while with apparently similar 
pulmonary conditions the intestines were free from ulcerations. 

Frequently, in cases where no ulcers were found, submucous tubercles 
were present. Not infrequently, small ulcerations were beginning at 
the locations of these tubercles, and it is suggested that the ulcerations 
are formed from the breaking down of the tubercles in the lymphatics 
beneath the submucous layers. - These rupture on the surface of the 
lumen and the ulcer spreads by involvement of the adjacent tissue. 

It is interesting to note that perforations through all coats of the 
intestines occurred rarely. Of the entire series, only 3 such cases were 
found, 1 of which was in a colored and 2 in white patients. Death fol- 
lowed in a few hours after the occurrence of the complication. Of the 
240 postmortems covering the period from which this work was taken, 
only 32 females were included, and of these 26 or 80 per cent showed 
intestinal ulcers. In other words, ulcerations of the intestines were no 
more frequent in the female than in the male sex. 
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Mediastinal and bronchial lymph nodes. Tuberculous lesions, either 
active or inactive, were found in 67 colored and 47 white patients. 
Unfortunately, in the earlier part of the work, the examination of these 
was more or less perfunctorily performed and a clear differentiation 
between the active and inactive lesions was not made. The observa- 
tion, however, was made that, in young patients and the older ones that 
ran an acute course, the nodes were frequently enlarged and necrotic, . 
while in the old chronic cases extensive fibrosis and calcification were 

more frequently found. 


Tubercles in the liver, spleen and kidneys. Of the colored cases, tuber- 
cles were found in the liver 31 times, spleen, 39, and the kidneys, 29 


times. 
White: Tubercles were found in the liver in 24, in the spleen in 41 and 


in the kidneys in 20 cases. 


Heart lesions. The following heart lesions were noted because we 
feel that they have a particular bearing on the outcome of the pulmonary 
tuberculosis. Cases showing myocardial degeneration are terminated 
more quickly than those where the heart retains its normal functioning 
power. 

Colored: Gross evidence of myocardial degeneration was found in 54 
cases. 

White: The same condition was noted in 55 cases. 

Hydropericardium was present in 34 of the colored cases, milk spots 
in 35, and adhesive pericarditis in 15 cases. 

Hydropericardium was noted in 34 of the white cases, milk spots in 
47 and adhesive pericarditis in 10. 

The most frequent valvular condition found was a fibrosis affecting 
the bicuspid and aortic semilunar valves. These lesions rarely pro- 
duced any disturbance in the function of the heart’s action and for this A 
reason will not be discussed. No condition of the vascular system was 
found to have a direct relation to tuberculosis. The fact, however, is 
significant, that 2 colored and 1 white case were diagnosed clinically 
as tuberculosis and sent to the sanatorium and later died from rup- 
tured aortic aneurysm, and in none of these cases was there any active 
tuberculosis. 
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SUMMARY 


In this series, the majority of cases, both colored and white, came under 
the heading of the chronic ulcerative type of pulmonary tuberculosis 
with the usual incidental complications. Emaciation was usually 
marked or extreme. 

The pathologic changes found in this condition, generally speaking, 
were as follows: An old cavity at the apex, surrounded by considerable 
fibrosis and covered by pleural adhesions; and hard, fibrotic or caseo- 
calcareous lymph nodes at the hilum. From the initial apical lesion, 
the process spread downward, probably as the result of aspirated infec- 
tious material, until cavities were formed in the areas supplied by the 
various trunks. Surrounding the more recent cavities, fibrous connec- 
tive tissue, but less noticeable, and various gradations of pneumonia were 
found. In some cases, the larger excavations remained localized in one 
lung, the other becoming infected by aspiration of large quantities of 
infectious material, resulting in a widespread caseous pneumonia and 
numerous fresh ulcerating cavities, causing a rapidly fatal termination. 
This complication occurred about equally in both the white and col- 
ored. If aspiration of large quantities of the infectious material did not 
take place, or other accidents occurred, large portions of one or both 
lungs became excavated, and large intercommunicating cavities occupied 
both lungs. In such cases, enormous quantities of fibrous connective 
tissue were found replacing the pulmonary parenchyma, and pulling 
together the cavities. Dense pleural adhesions were usually found over 
the involved pulmonary area. In the entire series, this complication 
was found most marked in a colored male. In this case, the two left 
lobes and the upper and middle right lobes were represented only by 
old cavities with dense masses of connective tissue, causing marked 
contraction and distortion. The patient was in a working condition, 
until an influenzal pneumonia involved the right lower lobe and caused 
a fatal termination. 

Another pathological type, running a more rapid course, showed the 
following findings: Emaciation slight or moderate; the intrapulmonary, 
peribronchial and bronchial, the mediastinal, mesenteric and retroperi- 
toneal lymph nodes particularly, and less frequently the other groups 
of thoracic and abdominal nodes, were greatly enlarged and filled with 
caseous necrotic material. Solitary tubercles were found in the spleen, 
liver and kidneys. The lungs showed large and small areas of caseous 


674 


TUBERCULOUS LESIONS IN WHITES AND NEGROES 675 


pneumonia, with or without caseous pleurisy, a process similar to the 
generalized tuberculosis of early life. 

This condition was recorded in both colored and white patients, but 
seemed to be somewhat more frequent in the colored; however, more 
material is needed to establish this fact. 

In regard to the various complications, such as intestinal and laryngeal 
ulcerations, involvement of the spleen, liver and kidneys, empyema, 
hydrothorax and pneumothorax, there seemed to be little difference in 
the percentage of involvement or extent of lesions. 


CONCLUSION 


Comparative study of the pathologic lesions in negroes and whites 
dying from pulmonary tuberculosis shows no essential difference in type 
or extent; the majority can be classified as of the chronic ulcerative type. 

A minor number of cases, both colored and white, suffer from the more 
acute puerile type of generalized tuberculosis, this condition apparently 
being more common in the negro than in the white race. 
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TUBERCULOSIS AMONG THE NEGROES 


H. G. CARTER 


Piedmont Sanatorium, Burkeville, Virginia 


It has been said that the disease tuberculosis is the penalty paid by 
the human race for violating the laws of Nature for the civilization of 
man, and it might be added to this that the greatest penalty is paid by 
the newest convert. Statistics show that the high-water mark has 
been reached and passed in mortality from tuberculosis in the United 
States as a whole. Palmer (1) quotes Hoffman as saying that available 
records from New York, Philadelphia and Boston in 1812 show that the 
mortality was 450 per 100,000 of population. - He further states that 
from 1872 to 1891 the mortality in all available registration districts 
decreased from 339 to 245 per 100,000 of population. From 1891 to 
1912 a further decrease to 166 is noted. This decrease is generally to 
be attributed to the education of the public in matters pertaining to 
health, and as a matter of fact is the result of society adjusting itself 
to the cramped quarters of civilization. The general health worker in 
his efforts to eradicate all diseases which sap the vitality of the race, 
the social worker in his efforts to adjust living conditions, and the 
specialized tuberculosis worker are all the natural products of civiliza- 
tion in its attempt to adjust itself to a living basis and this development, 
plus the inherited immunity of the race, is responsible for the lowered 
death rate from tuberculosis. 

Any given community or race is infected with tuberculosis just: in 
proportion as it departs from the highest standards of living. And the 
standards of living are learned by experience through congregation. 
Just as the human body adjusts itself to disease through compensatory 
changes, so complex society makes its adjustment to prevent the inroads 
of disease. No doubt the highest death rate from tuberculosis in this 
country as a whole has been reached and passed. This, however, is 
not true of all communities or races in this country, some of which have 
yet to reach their acme. Nature aids in this adjustment through 
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increased resistance to the offspring of the infected. Which is the 
more potential factor—man’s experience or Nature’s immunity—is a 
mooted question today. 

Tuberculosis begins when people begin to congregate and increases 
until by inherited immunity and experience they adjust themselves. 
The Negroes represent a good example of this statement. In Africa it is 
generally conceded that tuberculosis is practically unknown and when 
introduced by the white man, it is present in the native as an acute 
disease, a fact brought out by Bushnell and others. During slavery in 
this country, tuberculosis was rare among the Negroes, a statement not 
to be substantiated by figures it is true, but too recent in the minds of 
many to be disputed. At the end of slavery, the Negro suddenly 
changed from a regulated open air life to the life of the white man in 
even more crowded and unsanitary quarters necessitated by circum- 
stances or shiftless habits. He immediately became the prey of tuber- 
culosis. This is especially true of those who congregated in the cities. 
In taking family histories of Negro consumptives it is quite common to 
find one who has lost five or more in his immediate family, showing it - 
to be almost or quite a primary infection. Statistics in Virginia in 
1917 show that 2.21 per cent more Negroes died of tuberculosis than 
whites. This condition will continue until by precept and exaniple, by 
the ‘“‘survival of the fittest,’ and by inherited immunity, the Negro 
adjusts himself to the changed condition of life, and I am of the opinion 
that mental development and responsibility will play the most impor- 
tant part. Mental development carries with it betterment of racial 
habits and changed environments, and the reduction of the death rate 
from tuberculosis in the Negro, as in the other races, will be accom- 
plished by the betterment of the environmental conditions and a 
gradual change in detrimental racial habits more than through inherited 
immunity. 


RESISTANCE 


Our records show that under favorable conditions the Negro will 
respond to treatment for pulmonary tuberculosis. We have discharged 
to date some 325 cases, 102 of whom were admitted solely for segrega- 
tion, having been classed as 3-C upon admission. Of the 223 admitted 
for treatment we have: 
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Of the 102 admitted for segregation, 52 died in the sanatorium and 50 were discharged 


progressive. 


In order to get some real data on a subject which I had heard dis- 
cussed pro and con by a great many physicians in general practice in 
the South as regards the resistance of the pure-bred Negro versus the 
mixed type, we graded our patients upon admission into three classes: 
the bright mulatto, some of whom are nine-tenths white, the brown 
mulatto and the black. Our records as per the appended tables show a 
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small percentage more of improved cases among the bright mulatto 
(41 per cent of whom showed an improvement) than in the brown 
mulatto (39 per cent of whom showed an improvement) and better 

in both of these classes than the black (33 per cent of whom showed an 
improvement). 

I am of the opinion that a test of mentality would show a much 
greater difference in favor of the developed over the undeveloped than 
is shown by the light over the black, and until further figures corrobo- 
rate our data, showing the better resistance of the light or mixed type 
over the black, I think that this apparent better resistance shown by 
the mixed type over the pure-bred Negro is to be accounted for more 
through racial development than through inherited resistance. The 
mixed type has fewer of the characteristic traits which handicap the 
race as a whole. Love of ease and a carefree disposition are assets to 
one compelled to lie in bed for a long period of time, but when a care- 
free disposition amounts to irresponsibility and a total inability to 
grasp a serious situation until too late, it becomes most decidedly a 
handicap. This is particularly true of our discharged patients. Those 
who continue well are those who showed mental responsibility while 
“‘on the cure,” and these were mainly of the educated class. 

Experience in our work among the Negroes shows that it is all-impor- 
tant to get the confidence of this ease-loving, carefree patient, and 
impress him with the fact that he is a sick man and needs treatment © 
and that this treatment will be absolute rest in bed in the open air for a 
long time. All of his former convictions have to be shattered and 
replaced with new ones. He believes, first, that to get into bed with 
“consumption” means certain death; second, that strong medicine is a 
specific for all ailments and when this has failed all has failed; third, 
that a closed room with all “cracks chinked” is the treatment for a 
“cold.” 

So new is our field and so deep-grounded is the conviction that con- ‘ 
sumption is incurable that great difficulty was experienced during the 
first year in getting cases to enter the Sanatorium and to remain long 
enough to effect a cure. Less difficulty is had now on account of the 
fact that practically all of our employees are discharged patients and 
they serve as a concrete illustration of the fact that tuberculosis is 
curable. Conversations between the incoming patient and the arrested 
case in the person of the employee are often amusing and instructive to 
the interested listener, and show with what effort he discards his former 
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ideas and his incredulity in the new. Concrete examples of the cur- 
ability of the disease are helpful to all afflicted with tuberculosis, but 
with the Negro it is almost essential. 


SUBACUTE DISEASE. 


Forty-five of the 325 cases discharged to date were classed at sub- 
acute, or 13.84 per cent. Here again the greatest percentage was 
among the blacks, 15 of 81 or 15.55 per cent being classed as subacute. 
Fourteen of 124 brown mulattoes were classed as subacute or 11.22 
per cent and 15 of 114 bright mulattoes or 13.15 per cent. These cases 
were all between the ages of fourteen and twenty-six, most of them of 
athletic build and gave a history of illness not exceeding three months. 
Six of them were discharged from the Army within that time with a 
clean bill of health. All showed upon physical examination large 
moist rales in two or more lobes and little or no fibrosis. All died within 
three months after being examined. A highly positive sputum and 
high temperature were universal in these cases. 


HOOK-WORM AS A COMPLICATION 


Adams (2) reports a striking parallelism of incidence between tuber- 
culosis and hook-worm in a series of examinations made at Fort Ogle- 
thorpe and covering several Southern states. One would expect hook- 
worm to be a frequent complication of tuberculosis in the hook-worm 
infected districts of the South, both on account of the sapped vitality 
and the actual trauma to the lung. A survey made by the Virginia 
State Board of Health showed southeastern Virginia and the south 
Piedmont districts of Virginia to have a hook-worm percentage of 14 
per cent and 29 per cent respectively, and, although we draw heavily 
from these sections, a routine stool examination shows only three posi- 
tives out of 350 specimens, or less than 1 per cent. Statistics compiled 
by the Virginia State Board of Health and the International Health 
Board (3) show that the Negro is infected with hook-worm quite as 
frequently as his white neighbor, though he does not suffer so severe a 
form of the disease, and in spite of this fact we show less than 1 per 
cent of infections from districts with an infection of 14 per cent and 29 
per cent. Hook-worm as a complication is practically nil with us. 
As a predisposing factor we are unable to determine it on account of 
the fact that early infections could have cleared up. 
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TUBERCULOSIS AMONG NEGROES 


SYPHILIS AS A COMPLICATION 


A routine Wassermann taken at our institution shows 19 per cent 
men positive for syphilis and 12 per cent women. Compared with 
other institutions in our State of a different character, this percentage 
is low. Dr. W. F. Drewry of the Central State Insane Asylum for 
Negroes reports 30 per cent of the men positive for syphilis and 25 per 
cent of the women positive by the Wassermann test. Dr. Mann reports 
33 per cent positive at the State Penitentiary. Our lower percentage 
is probably due to the fact that our patients are of a better class. Of 
the 16 per cent, positive for syphilis by the Wassermann test, 14 per 
cent or 2 per cent of the whole showed manifest diseases. 

On cases showing a positive Wassermann and negative sputum after 
six examinations we begin syphilitic treatment at once, regardless of 
localization of physical signs in the chest, guided only by contraindica- 
tions for the use of salvarsan. One showing a positive sputum and 
positive Wassermann, with no manifest lesion of syphilis, is given rou- 
tine treatment for tuberculosis and, if improvement is shown, no syphi- 
litic treatment is given. If no improvement is shown after a period of 
two months, syphilitic treatment is given. In eight cases showing 
positive sputum and positive Wassermann upon admission and no 
improvement after two months in bed, syphilitic treatment was given 
with the following results: three showed no improvement after six doses 
of salvarsan; two showed a sharp reaction after the first dose with all 
symptoms intensified and treatment was discontinued. Three showed 
a marked improvement in symptoms and signs. 

Case no. 130 upon admission showed upon physical examination large 
moist rales from apex to base on the right and the same on the upper 
left. Sputum positive for tubercle bacilli, Wassermann positive for 
syphilis. Daily temperature to 101. Severe cough and profuse expec- 
toration. General condition same after three months in bed; physical 
examination same. Syphilitic treatment begun and _ temperature 
dropped to normal after fifth dose of salvarsan. Physical examination 
at end of six months showed fine rales at upper right. Sputum positive: 
Wassermann negative. 

Case no. 309. Involvement in right upper and left lower. Sputum 
positive for tubercle bacilli; Wassermann positive for syphilis. Syphi- 
litic lesion noted on skin. Patient kept isolated for two months at 
absolute rest in bed. Temperature continued to 100° daily. Physical 
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examination same at end of three months. Referred for syphilitic 
treatment and upon readmission three months later, physical examina- 
tion showed fine rales upper right. Temperature normal. Sputum 
and Wassermann negative. 

Case no. 305. Slight involvement in right upper. Larynx inflamed, 
cords uniformly reddened and thickened. Sputum positive for tubercle 
bacilli and Wassermann positive. Patient acknowledged venereal 
infection. Temperature normal during entire stay at sanatorium, 
but throat condition progressive. Syphilitic treatment begun after 
’ two months and after third dose some slight improvement noted in 
throat condition. Case still under observation. 

From the foregoing data it is noted that syphilis of the lungs is not 
so rare as is generally reported. 


CONCLUSION 


Tuberculosis is a disease of civilization and its eradication is to be 
accomplished by perfection in the standards of living of this civilization. 

Data carefully compiled by us show that the mixed type of Negro 
has a better resistance to tuberculosis than the pure-bred Negro. Ob- 
servations show, however, that shade of mentality counts for more than 
does shade of color. i 

Hook-worm as a complication of tuberculosis in the Negro race is 
quite uncommon. Syphilis is a common complication and syphilis of 
the lungs as evidenced by the therapeutic test is not rare. 

As the eradication of tuberculosis in the future depends upon the 
prevention of childhood infection, the treatment of the Negro is a vital 
health problem in the South today on account of the fact that his occu- 
pation in 50 per cent of cases throws him into intimate contact with 
children other than his own, thereby affording a double chance to infect 
childhood. 
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EXPERIMENTAL LESIONS OF THE LUNGS PRODUCED 
BY THE INHALATION OF FLUIDS FROM 
THE NOSE AND THROAT 


W. V. MULLIN anv C. T. RYDER 
Colorado Springs, Colorado 


In the course of some experiments on absorption from the upper respir- 
atory mucous membrane in rabbits (1), we found that light fluids, such 
as India ink (a suspension of minute particles of carbon), if allowed to 
flow into the nose, were very readily inhaled, producing effects in the 
lungs the quick development and massive character of which, in the 
absence of any signs of absorption along the cervical or mesenteric route, 
gave convincing evidence that they were produced by pure inhalation. 

This rapidity and massiveness seemed to give the method some ad- 
vantages in a study of inhalation over the usual methods employing dust 
or spray, when the effects are produced more gradually, and it is not 
so easy to rule out absorption by other routes. We therefore performed 
a series of experiments by this method, in order to compare the effects 
thus produced with those found especially in pulmonary tuberculosis, 
and to observe whether there were any analogies which would constitute 
evidence for or against the importance of infection by inhalation. 

The technique was as simple as possible. The rabbit was held, usu- 
ally on its back, with the nose elevated, and about 1 cc. of India ink or 
bacterial emulsion allowed to flow into one nostril from a pipette inserted 
just far enough to insure the fluid entering the nose. In some cases this 
was done several times, in others only once. 

Rabbit 1 was given 1 cc. of India ink on December 17. This was 
repeated 11 times in the next twenty-five days. Twenty-four hours 
after the last injection the rabbit was killed and autopsied. There was 
no discoloration detected in the upper air passages, trachea or cervical 
lymph nodes. The upper lobes of, both lungs were almost entirely black 
with many black spots irregularly distributed over the rest of the lungs. 
There was intense blackening of the bronchial nodes. Microscopic sec- 
tions of the lungs showed carbon in the smaller bronchi and indicated 
that the blackening of the lungs was lobular in arrangement, the alveoli 
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being packed with carbon, much of which had been taken up by large 
phagocytic cells, evidently the alveolar cells of the lungs; and the deeper 
structural tissue of the lungs also contained many of these cells appar- 
ently travelling along the lymphatics. 

The appearance of all this pigmentation, its overwhelming quantity, 
is absolutely distinct from spontaneous anthracosis, which in rabbits is 
seldom macroscopically visible in the lungs, and if so occurs only as fine 
stippling, never as masses or blotches. Spontaneous anthracosis of the 
bronchial nodes is sometimes fairly marked, but never looks perfectly 
black. 

The spleen showed a good deal of carbon microscopically in the sinu- 
soids, and the walls of arteries in the kidney and elsewhere contained 
traces of it. There was no discoloration of the mesenteric nodes. 

Rabbit 2 was given 5 injections of India ink over a period of a week 
and killed one hour after the last injection. Autopsy showed flecks of 
ink in the nasal fossae, trachea and bronchi. There was massive black- 
ening of the right upper and left lower lobes of the lungs, and deep dis- 
coloration of the bronchial nodes. The spleen contained a moderate 
amount of finely divided carbon. The cervical and mesenteric nodes 
were not discolored. Microscopic sections of the lung showed carbon 
packed in the alveoli, both free and in large mononuclear (alveolar) cells. 
The behavior of these cells in this instance, as well as their proliferation 
in acute and tuberculous pneumonia, emphasizes their close relationship 
to the fixed endothelial cell and the large mononuclear leucocyte. They 
seem readily to engulf particles which arrive on their surface, and to 
proliferate under the stimulus, become detached, and either to be cast 
off in the expectoration or taken up and carried along the course of lym- 
phatic absorption. The cells of the upper respiratory membrane, on the 
other hand, do not appear to be phagocytic, but rather to throw off 
foreign particles by means of their secretion. 

Rabbit 3 was given one injection of India ink and killed éntidthy Sour 
hours later. Autopsy showed traces of ink along the respiratory tract, 
with massive blackening of the upper lobe of the left lung, and moderate 
spotting of the middle lobe. The rest of the lungs appeared practically 
free from carbon. The bronchial nodes were moderately discolored. 
The cervical and mesenteric nodes were negative. Microscopic sections 
of the lungs gave similar findings to those in rabbits 1 and 2. Sections 
of the spleen and kidney showed slight traces of carbon. 
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Rabbit 4 was given about 3 cc. of India ink at one time and killed 
half an hour later. Autopsy showed much ink in the nose, mouth, 
pharynx, larynx, oesophagus, trachea and bronchi. The stomach was 
filled with vegetable material and this was blackened over a radius of 
about 2 cm. around the oesophageal opening, but there was no discolora- 
tion below this sharply defined level in the digestive tract, the remainder 
even of the stomach contents being free from ink. The lungs showed 
almost complete blackening of the left upper lobe, and marked blacken- 
ing of the left lower and right middle lobes. The bronchial nodes showed 
marked hyperaemia and a moderate amount of carbon scattered through 
them. The cervical and mesenteric nodes were negative. The presence 
of carbon all along the inhalation route, with its complete absence in the 
intestine, completes the proof that the lung findings are due to inhalation. 
Rabbit 5 was given 0.5 cc. of an emulsion of human tubercle bacilli in 
the nose. In this case there was not the slightest, even momentary, dis- 
turbance of the respiration. It was killed and autopsied seven weeks 
later, when it showed no lesions of the respiratory mucous membrane 
above the lungs. The lungs showed advanced tuberculosis of the right 
upper and middle lobes with consolidation, and moderately advanced 
tuberculosis of the bronchial nodes. The cervical nodes, spleen and 
mesenteric nodes, were all negative both grossly and microscopically. 
Rabbit 6 was given 0.75 cc. of an emulsion of tubercle bacilli and killed - 
after seven weeks. The autopsy findings, gross and microscopic, were 
identical with those in rabbit 5, the tuberculous process being limited 
to massive infiltration of the upper and middle lobes of the right lung, 
and moderately advanced lesions of the bronchial nodes. 


SUMMARY 


Where the time conditions permitted, the injected material was found 
all along the respiratory tract to the terminal bronchi and the alveoli. 
There was never evidence of lesions of the digestive or upper respiratory 
tract, nor of absorption from them by the mesenteric or cervical lym- 
phatics. The lung findings were no less striking when the animal was 
killed before the injection had gone further in the digestive tract than 
the cardiac end of the stomach. Comparatively little of the injected 
materials penetrated the circulation beyond the lungs and their lymph 
nodes; not enough, in the case of the tubercle bacilli, to cause any lesions 
elsewhere in seven weeks. In five of the six animals the maximum effect 
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was produced in one upper (apical) lobe, in the sixth case in both upper 
lobes, while in only two cases was there an equivalent effect in a middle 
lobe, and in only one case in a lower lobe. 


DISCUSSION 


As has been noted before (1), owing to the complexities of resistance, 
the distribution of tuberculous or other infectious lesions may not, and in 
fact does not, give a complete map of the route of absorption. We need 
only note the absence of tuberculous lesions in locations (for example the 
spleen) which the presence of carbon proves to be reached by absorbed 
substances. This is what makes it necessary to check inoculation experi- 
ments with India ink experiments, as we are practically certain from 
many previous tests (1) (2) that the carbon is retained to some extent in 
all lymphoid structures along the route of absorption. Thus the absence 
of carbon from the mesenteric nodes, and in one instance its complete 
absence from the digestive tract below the cardia, its presence in the 
bronchi, and in massive quantities in the lungs, and the perfect analogy 
between these findings and the distribution of tuberculous lesions when 
bacillary emulsion was used, form a firmly linked chain of evidence to 
prove that the lung findings in all cases are due to pure uncomplicated 
inhalation. ‘ 

The only weakness in the argument depends upon the old and so far 
unanswerable question—Can bacteria be taken up where carbon par- 
ticles of the same or smaller size cannot, that is, from an absolutely intact 
mucous membrane? Our conclusion from these and previously reported 
experiments is that they cannot—that the only bacteria which pene- 
trate these surfaces are those which are capable of actively invading and 
producing lesions in them, and that even these microédrganisms may 
perhaps require some mechanical or chemical injury to give them a foot- 
hold. This however is obviously a matter of opinion, since it is impossi- 
ble to prove the absolute integrity of a mucous membrane. The strong- 
est evidence we can offer is the failure to find tuberculous lesions in the 
cervical and mesenteric nodes, in view of the known susceptibility of 
lymphoid tissue. 

Granted that the route of absorption in these experiments is the 
bronchial, as seems certain, we have here a close analogy to pulmonary 
anthracosis and infection by inhalation in man. For giving the sub- 
stance to be inhaled in a fluid form, in animals whose rapid breathing 
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and comparatively inefficient larynx causes them to spray their own 
lungs with any light fluid that is in their upper air passages, is only a 
convenient and rapid way of producing the same effect which we get 


by inhaling “droplets” —already a fluid suspension of bacteria—or even 
dry dust, since its absorbable components, carbon and bacteria, must a 
become suspended in the moisture of the respiratory epithelium before a 


they can be absorbed. 

The analogy being so close, except in point of time and quantity, 
between this experimental inhalation and the inhalation to which we 
are all exposed, the similarity of the experimental results to the findings 
in human pulmonary tuberculosis becomes of considerable interest. 
The preponderance of lesions in the upper part of the lung, and in one 
lung in preference to the other, and the marked involvement of bron- 
chial nodes and absence or inconspicuousness of lesions elsewhere in the 
body are striking resemblances, and constitute evidence of some value in 
favor of the importance of inhalation infection in human tuberculosis. 


CONCLUSION 


By allowing rabbits to inhale suspensions of carbon or of tubercle 
bacilli from their upper air passages, pigmentations or tuberculous 
lesions are produced which correspond very closely in distribution to 
the lesions of pulmonary tuberculosis in man. 
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THE RELATIVE INFLUENCE OF THE CONSTITUTIONAL 
FACTOR IN THE ETIOLOGY OF TUBERCULOSIS! 


RAYMOND PEARL 
I, THE PROBLEM 


The problem to which attention is directed in this paper is that of the 
etiology of clinically active tuberculosis. A few deny the existence of 
any such problem. Happy in that superlative self-esteem vouchsafed 
in full measure only to ardent worshippers at the shrine of idola fort, 
they would, if they could, stop all true research on the problems of 
tuberculosis, and give countenance only to such so called investigative 
activities as are guaranteed beforehand not to run counter in any par- 
ticular to the plentiful exhibition of their special brand of eye-water, 
blatantly touted as the only true panacea for the ills tuberculosis engen- 
ders. Fortunately, all scientific students of tuberculosis realize keenly 
that the problem of the etiology of the disease is a real and important one. 
The case cannot be better put than it is in a recent paper by Lawrason 
Brown and his associates (1). where they say, ‘Our hope in publishing 
these experiments is that others may realize that the etiology of tubercu- 
losis is not a closed book, but one that contains many disconcerting and 
confused pages that need to be rewritten.” 

The problem may with some precision be defined by a statement of 
the following well-known and thoroughly established facts: 

1. Very few, if any, persons escape infection with tubercle bacilli at 
some time in their lives, especially if they live in large industrial cities. 
Fishberg (2), after reviewing the literature on the subject says, ““No 
matter what the cause of death may have been, whether the persons 
knew that they had been tuberculous or not, between 50 and 100 per 
cent of people living in large cities show active, quiescent or healed 
tuberculous lesions in some organs of their bodies.”’ 


1 Papers from the Department of Biometry and Vital Statistics of the School of Hygiene 
and Public Health of the Johns Hopkins University, No. 20. 

This paper was read before the North Atlantic Tuberculosis Conference at Richmond, 
Va., October 7, 1920, in a symposium on the general topic “The Basic Cause of Breakdown 
with Tuberculosis.” 
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2. A much smaller number of persons than are known and can be 
proved to have been at some time or other infected with tubercle bacilli 


ever develop clinically recognizable tuberculosis. 4 
3. Of the two moieties of the infected, those on the one hand who do, e 
and those on the other hand who do not develop the disease in clinic- a 


ally active form, many can be readily shown to have lived under essen- - & 
tially or statistically the same environmental circumstances. 4 

4, What factors determine the group into which a particular infected e 
person shall fall, and what is the quantitative influence of each particular 4 
possible factor in making this determination? 
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Fic. 1. PEDIGREE CHART OF A TUBERCULOUS FAMILY 


Where the body of the sex sign is solid the person has tuberculosis of the lungs; where it 
is open the person is not tuberculous. The numbers to the right of the bottom of each sex 
sign indicate the present age, or age at death of the person indicated. The numbers to 
the left of the top of the sex signs are the designating numbers (in lieu of names) of the 
indicated persons. -+ denotes that the person is dead. 


This I conceive to be the fundamental and essential problem of the 
etiology of clinically active tuberculosis. ; 
The problem can be still more precisely visualized by the consideration 
of a particular family taken from one of the pedigrees worked up in my 
laboratory. 
The time relations of contact of the children in the tuberculous family, 
whose pedigree is given in figure 1, with their tuberculous father, and 
with each other, are given in summary form in table 1. 
The essential facts regarding this family are as follows: The father, . 
individual no. 5, is a laboring man who has always been addicted to the 
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use of alcohol in considerable quantities. In 1886, when he was thirty- . 
two years old, he developed clinically active pulmonary tuberculosis and 
had frequent hemorrhages. He was in this condition when child no. 
12, wasborn. The firstborn daughter, no. 7, has always been at home 
with the family down to the present time, having thus lived thirty-three 
years in close contact with an active case. She is by occupation a seam- 
stress. She has never developed any indications of tuberculosis. The 
first son, individual no. 8, was born in 1883 and lived at home in the 
same household with his father until he was twenty-eight years old 
(twenty-five years familial contact). He has never developed any symp- 
toms of tuberculosis. The next child, no. 11, was born in 1885 and lived 


TABLE 1 
Contact relations involving individuals in pedigree chart 


YEARS LIVED IN CLOSE CON- 
TACT IN SAME HOUSEHOLD 
INDIVIDUAL NUMBER BECAME TUBERCULOUS WITH CASES BEFORE OR 
WITHOUT ACQUIRING 
TUBERCULOSIS 


1854 1886 
1856 
1881 
1883 
1885 
1887 
1889 
1891 
1894 
1897 
1880 


at home with the family, in daily close contact with her tuberculous 
father for twenty years. She has never developed any symptoms of 
tuberculosis. The next child was born in 1887. In 1913, when she was 
twenty-six years old, she developed clinically active pulmonary tubercu- 
losis after having lived twenty-six years in the same househoid and in 
close contact with her tuberculous father. Individual 13 was born in 1889 
and lived for the first twenty-five years of his life in the same household 
with the tuberculous father. He has never shown any symptoms of 
tuberculosis. Individual no. 16 was born in 1891, and in 1912, when 
she was twenty-one years old, developed clinically active pulmonary 
tuberculosis. She had lived all this time, and still does, in the same 
family with her father. Individual no. 17 was born in 1894 and has 
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6 33 

7 33 

8 25 
11 20 
12 26 
13 25 
16 21 
17 24 
18 22 
19 8 
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always lived with the family until he was drafted and went into the 
American Expeditionary Force and to France. Since his discharge he 
is again living with the family. He has never developed any symptoms 
of tuberculosis, although he has lived for roughly twenty-four years of 
his life in close daily contact with his father, and also with his two sisters, 
since the time when they became tuberculous. Individual no. 18 was 
born in 1897 and has always lived in the same household with her father 
and the rest of the family. She is now twenty-two years old and thus 
has had close intimate household contact for twenty-two years with ac- 
tive tuberculous patients. Individual no. 19 was born in 1880, and died 
when eight years old, probably of acute nephritis, but certainly not of 
tuberculosis. Individual no. 6, consort of the tuberculous father, has 
lived in close and intimate household contact with him for the thirty- 
three years since he first gave evidence of clinically active tuberculosis. 
She has never shown any symptoms of any tuberculous disease. 

Putting all the facts in regard to this family together what do we see? 
Out of eight living children, all of whom lived together in the same envir- 
onment, and had the same food, for twenty or more years, two have 
developed clinically active tuberculosis, while the other six have shown 
no signs whatever of the disease. All have been in close and intimate 
personal family contact with their father, who has, as our careful ‘inves- 
tigation of the family life and medical history indicates, been an open 
tuberculous patient during the major portion of that time, unable to do 
any work for most of the time, with hemorrhages recurring at irregular 
but fairly frequent intervals. Furthermore, individuals nos. 12, 16, and 
18 have for many years slept together in the same room. Nos. 12 and 
16 have been tuberculous for six and seven years respectively, while 18 
has never shown any symptoms of the disease. 

It is to be presumed that every member of this family was long ago 
infected with tubercle bacilli. If we attribute breakdown to poor diet, 
or to bad housing conditions, it is difficult to see why the disease should 
have flared up in clinically active form in only two out of eight children 
who have lived in this same environment throughout the period. All 
have been subjected to substantially the same degree of environmental 
and economic pressure. ‘They have all had to work hard, because the 
father has contributed very little to the support of the family in all 
these years. 

Such a case as this, which could be duplicated over and over from our 
family records, throws into sharp relief what I conceive to be the essen- 


ad 
4 
id 


692 RAYMOND PEARL 


tial problem of the etiology of tuberculosis. Out of an equally infected 
group of individuals, equally in close contact with active and open 
tuberculosis, and living under identical environmental conditions, some 
individuals in the group develop clinically active tuberculosis while 
‘others never do. What is the reason for the differentiation? This is 
the kernel, as it seems to me, of the problem of the etiology of tuberculosis. 

The investigation on which this family pedigree which we have been 
discussing is based was made in 1919. It may be objected that all of 
the children, 7, 8, 11, 13, 17, and 18, will presently develop tuberculosis 
and die of it. No one can assert, of course, that this will not happen 
because it is an event which belongs in the future. I conceive it to be 
improbable, however, that such an event will occur. The force of 
untoward environmental pressure on these individuals during the past 
twenty years has been about as great as it could be, and certainly greater 
than it is likely to be in the future. 

Another objection which might be conceivably raised to the illustra- 
tion is that neither individual 5, 12, nor 16 has tuberculosis. The 
answer to this is that they have repeatedly had diagnosis and treatment 
of the disease in sanatoria and dispensaries. If they are not victims of 
the disease no one is. 

I wish it to be quite clearly understood that this pedigree is introduced 
here only as an illustration of the problem, and not in any sense, taken by 
itself, as evidence of the influence of the hereditary factor in the etiology 
of the disease. It obviously suggests such a factor, but suggestion and 
demonstration are usually along way apart. It does illustrate with great 
clearness and precision the nature of the problem facing one who would 
account for the etiology of clinically active tuberculosis. 


II. HOW SHALL HE PROBLEM BE ATTACKED? 


It is obvious on purely a priori grounds that in a broad sense the cause 
of the outbreak of clinically active tuberculosis in one moiety of a group 
of infected individuals and not in the other moiety must fall into one of 
the three following categories: 

1. Environmental. There are significant differences in the environ- 
mental forces, using the term in the broadest sense to include biological 
as well as physical environment, impinging upon the two moieties, these 
differences being of sufficient magnitude alone to determine the observed 
difference in susceptibility to tuberculosis. 
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2. Constitutional. There are significant differences, of a germinal, 
hereditary character, in the innate biological constitutions of the indi- 
viduals composing the two groups, and these differences alone deter- 
mine the differentiation in respect of outbreak of active tuberculosis. 

3. Both. The two groups differ in both environmental and constitu- 
tional respects, neither factor alone being ordinarily determinative of 
tuberculous breakdown. 

The first of the enumerated views is the popular one. It opens large 
possibilities for altruistic enterprise. I judge from what I hear and read 
that there are still extant naive individuals who quite honestly believe 
that if everyone could be induced and enabled to drink two quarts of 
milk a day and sleep with his windows open, tuberculosis—certainly pul- 
monary tuberculosis— would disappear from the face of the earth by the 
middle of next June at the very latest. If only these good souls were 
right, how happy we all should be! 

The second view is extremely unpopular. Any doctrine which implies 
that the constitutional weaknesses, whether patent or hidden, of the 
father might be visited upon the sons stirs up no furious enthusiasm in 
this day and age. The person who has, or had, a number of tuberculous 
near relatives finds himself particularly antipathetic to this view. If 
indulged in, what becomes of one’s hope in the two quarts of milk or the 
open window? 

The relative popularity of a viewpoint happily has nothing to do with 
its validity. Extremists in any direction are usually wrong.« It is alto- 
gether improbable that either environment or hereditary constitution 
alone determines the differential incidence of active tuberculosis. It is 
much more likely that always both factors are involved. The task is, 
as I conceive it, not to answer the question “Is it environment?” or 
“Ts it heredity?” but rather to measure, with the greatest attainable 
precision the relative influence of each factor in determining the result. 

In earlier days constitution was generally regarded by medical men 
as playing a very important réle in the etiology of tuberculosis. The 
most comprehensive and critical discussion of the older literature on 
this point has been furnished by Bulloch and Greenwood (3). 

There are only a few chief lines yet thought of by which one can get 
quantitative evidence as to the relative importance of the hereditary 
factor in the etiology of tuberculosis. We may direct our attention 
briefly to some of these different lines of evidence, it being understood, 
of course, that in the limitations of space which are imposed upon this 
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paper, it will be impossible to deal with the matter in more than the 
most sketchy fashion. In other words, what we shall try to do is to 
present something about the kinds of evidence, rather than the amount 
of each kind which may be brought to bear in any consideration of the 
problem. 

1. Direct evidence as to the inheritance of the tuberculous diathesis. 
Here substantially the only studies up to the present time which are 
deserving of serious scientific consideration are those made in Pearson’s 
(4) laboratory, or under his direction. Pearson has attacked the prob- 
lem of the relative influence of heredity and environment in the etiology 
of tuberculosis from a number of different angles. In this section we 


shall consider only one, namely, that side of his work in which he at- 
tempts to measure directly the degree of inheritance of the tuberculous 


TABLE 2 
Coefficients of correlation between parent and offspring 


CHARACTER eg AUTHORITY DATA 


Pearson’s F. R. 
Pearson’s F. R. 
Pearson’s F. R. 
Galton’s F. R. 


0.51 Pearson and Lee 
Physica! Pearson and Lee 
0.42 Pearson and Lee 


Deaf-mutism 0.54 Schuster Dr. Fay’s 


Pathological 


LEE 


Phthisis 


0.53 
0.47 
0.50 


Heron 
Goring 
Pearson 


Dr. Urquhart’s 
Convict prisons 
Dr. Rivers’s 


Convict prisons 


| Phthisis 0.50 Goring 


diathesis from parent to offspring. ‘This is done by the method of cor- 
relation. The coefficient of correlation between parent and offspring 
in respect of presence or absence of pulmonary tuberculosis is determined 
by well-known methods, and it is assumed that the correlation which is 
found is due to inheritance. Unfortunately, the series dealt with were 
not as large as would be desirable from a statistical standpoint. The 
general results attained by Pearson for the correlation between parent 
and offspring in respect to existence of pulmonary tuberculosis are shown 
in table 2. 

From this table it will be seen that, on the face of the facts, the indi- 
cation is that the tuberculous diathesis is inherited in about the same 
degree from parent to offspring as such physical characters as stature, 
forearm length, eye-color, etc. The contention of the environmentalists 
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and infectionists, however, upon the appearance of these results, was at 
once that such correlations might well arise solely by familial infection, 
rather than true inheritance. 

Pearson has attempted in a number of ingenious ways to meet this 
point. Whether one considers that he has successfully done so or not 
depends, one gathers from the literature, upon the nature and degree of 
one’s prior prejudices in the matter. It will, however, pay us to look 
at a few of the facts which Pearson has brought forth.: If the explana- 
tion of the observed correlation between parent and offspring in respect 
of tuberculosis is familial infection rather than similarity of biological 
constitution, then it would seem obvious that the correlation between 
husband and wife in respect of tuberculosis ought to be of something 
approaching the same order of magnitude as that shown for parent and 
ofispring. If the reason why a tuberculous man’s children have tuber- 
culosis in greater proportion than the disease occurs in the general 
population, is because he has infected them as a result of close familial 
contact, by the same token his wife ought to be tuberculous. The only 
quantitative difference, which might possibly be expected, would be 
such as arose from the fact that when a consort came in contact with the 
familial tuberculous infection, he or she would be at a more advanced age. 
It might be contended that at such age the individual would perhaps 
be better. able to resist such infection than the children born in the 
family and subjected to this immediate and massive source of infection 
from the earliest ages. Leaving aside any attempt at explanation, the 
fact is that the resemblance between husband and wife in respect of 
tuberculosis is as follows (quoting from Pearson): 


Coefficient 
of correla- 

tion 
Husband and Wife.............. Prosperous $0.16 
Husband and Wife (Dr. Williams). Professional classes................. +0.28 


It would thus appear, either that like mates with like more commonly in 
the more intellectual classes, or that infection is more likely to occur in middle 
class than in poor households. I think there is not the least doubt that much 
of the relatively small resemblance of husband to wife in the matter of phthisis 
is due to a selective influence and not to infection at all. This selection is 
largely an intellectual one and has no existence among the very poor. 


Pearson went on to show from his family records, leaving entirely out 
of account the husbands and wives themselves, and determining the 
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degree of assortative mating between tuberculous stocks, that the correla- 
tion worked out to 0.30, as high as in the extreme cases of mating with 
regard to pulmonary tuberculosis. 

Now if we compare the correlation coefficients for parent and offspring 
as shown in table 2, with those for husband and wife just given, it would 
indicate that the parent is twice as dangerous to the offspring, if the 
source of the resemblance is familial infection, as the husband is to the 
wife. This, of course, common sense tells us is a highly improbable 
result. It tends to indicate that neither correlation is primarily to be 
explained on the basis of infection, but that the one is due to inheritance 
of the diathesis, and the other to assortative mating of tuberculous 
stocks. 

The whole case, however, leaves one with the feeling that so far as the 
direct measurement of inheritance is concerned, we need more and better 
evidence than that which has been furnished by Pearson. We need, in 
the first place, more critically accurate original data, in which we shall 
have exact and direct information, in so far as it is possible to get it, 
obtained by trained field workers in the families, regarding such points 
as degree and duration of familial contact with open cases, as well as the 
more usual points upon which data are taken. At the same time, we 
need equally critical data from nontuberculous families collected in the 
same way by field workers in the families. Again it is not entirely clear 
from a methodological viewpoint that the correlation method is a sound 
one, taken by itself alone, for the measurement of the intensity of inher- 
itance. The results got in this way need confirmation by some inde- 
pendent method of analysis before they can be unreservedly accepted 
at their face value. Pearson’s was pioneer work, and it unquestionably 
strongly indicates that the hereditary factor is a highly important one 
in this disease. Only the reckless environmental fanatics will be dis- | 
posed to neglect it, or to regard it as wholly worthless. The problem:to 
be solved is, however, one of such vast importance to the human race, 
that before any sweeping conclusions are drawn on which administra- 
tive action is likely to be based, it is essential that much further investi- 
gation of the problem be made. Furthermore, any statistical or family 
history evidence on the subject should be checked and verified by direct 
experimental evidence in the laboratory, obtained from breeding opera- 
tions with lower animals, as to the inheritance factor in the etiology of 
tuberculosis. It is a great satisfaction to know that investigations of 
this kind are now in progress. Their results will be eagerly awaited 
by all students of the problem. 
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In order to illustrate directly some of the difficulties which inhere in 
any attempt to make a thorough scientific investigation of the problem 
of the inheritance of the tuberculous diathesis in man, I should like to 
speak briefly about some of the work going on in my own laboratory. 
About a year and a half ago plans for a comprehensive and searching 
investigation of the problem of the etiology of clinically active tubercu- 
losis were embarked upon.? While it was contemplated that the prob- 
lem would be approached from many angles, and this is in fact being 
done, I wish to speak now of one phase of the work, namely, that which 
has to do with the obtaining and analyzing of data directly bearing upon 
the problem of inheritance of the diathesis. The plan of the work was to 
make a thorough study of the family histories of individuals afflicted 
with tuberculosis, and of individuals free from tuberculosis, both sets of 
individuals being taken from the same economic and social strata. 
“Family history” in this connection is used in the broadest possible 
sense to include not only information as to relatives direct and collateral, 
but also as many pertinent data as possible about the individual life 
histories and habits of these individuals. 

The work is in far too early a stage now to make any statement of 
results whatever, nor do I care at this time to go into any discussion of 
the details about either the comprehensiveness or the thoroughness of 
the records which we are accumulating. I may merely say in passing 
that, so far as I am acquainted with the facts, I know of no data for the 
study of the etiology of this or any other disease which begin to approach 
these in respect of either comprehensiveness, detail, or accuracy. Our 
ideals in these respects are set very high, and in consequence a number of 
years must still elapse before a sufficient amount of material can have 
been collected for the kind of analysis which must be made. Here I 
wish to use a little of the material, only for the purpose of illustrating the 
difficulties which beset research upon this problem. 

If heredity is a factor of importance in the etiology of clinically active 
tuberculosis it would be reasonable to expect that a tuberculous individ- 
ual would have a larger proportion of his or her blood relatives, both 
direct and collateral, and in ascending and descending generations from 
the individual, than would a person who was not tuberculous. Or, to 
put the matter in another way, suppose we stopped the first man or 
woman we chance to meet on the street and ascertained by appropriate 


? During the past year this investigation has been supported by a grant from the National 
Tuberculosis Association. 
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methods whether that person was or was not tuberculous, and at the 
same time made detailed inquiries as to his or her blood relatives. 
Should we be justified in laying a wager, if the individual proves to be 
tuberculous, that a larger percentage of his relatives will be also tuber- 
culous than if he himself were nontuberculous, and what if any odds 
could we give in such a wager? In table 3 I have collected together the 
data on this point from 57 family histories which we have been able to 
TABLE 3 


Showing the frequency of occurrence of tuberculosis among the blood relatives of (a) tuberculous 
persons and (b) nontuberculous persons 


(Figures based upon the family histories of 38 tuberculous and 19 nontuberculous subjects) 


NUMBER O}? BLOOD RELATIVES WHO ARE 
PER CENT 


Tub TUBERCU- 
TDubercu- Nontu- Lous 
lous berculous Total 


GENERATION AND GROUP RELATIVE TO SUBJECT OF HISTORY 


Same generation 
a. Tuberculous subject 876 972 
b. Nontuberculous subject............... 979 984. 


Parental generation 
a. Tuberculous subject 430 472 
b. Nontuberculous subject 749 763 


Grandparental generation 
a. Tuberculous subject 236 243 
b. Nontuberculous subject............... 298 306 


Great grandparental generation 
a. Tuberculous subject 30 33 
b. Nontuberculous‘subject 86 87 


Child generation 
a. Tuberculous subject 972 1015 
b. Nontuberculous subject 212 212 


All generations 
a. Tuberculous subject 191 2544 2735 
b. Nontuberculous subject............... 28 2324 2352 


complete to date, involving something over 5000 blood relatives of the 
‘57 subjects of these family histories. Of these subjects, from each of 
which a detailed history starts, 38 are tuberculous, and 19 are nontu- 
berculous. Each group may be regarded as a random sample of the 
working class population of Baltimore, the only differential factor in 
the selection being that in the one case the individual with whom a 
history started was tuberculous, and in the other case not. 


9.9 
0.5 
| 8.9 
1.8 
2.9 
2.6 
9.1 
1.1 
4.2 
0.0 

7.0 
1.2 
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Five generations are included in the table. There are: First, the gen- 
eration to which the subject of the inquiry himself belongs: this is the 
generation in which his blood relations are brothers, sisters, or cousins; 
second, the parental generation, that is, the generation to which the 
subject’s father and mother, and his uncles and aunts belong; third, the 
grandparental generation; and fourth, the great grandparental genera- 
tion. The “child generation” is the generation to which the subject’s 
children, and his nephews and nieces belong. Relatives by marriage 
solely, of course, are not included. Only those persons are included 
who have a biological or ‘“‘blood” kinship to the subject in some degree 
or other. But all degrees of kinship, collateral and direct, near and 
remote, are included. 

The net result is striking. Taking all the generations together we 
see that in these statistics a tuberculous person has 7 per cent of his or 
her blood relatives tuberculous, whereas a nontuberculous person, chosen 
at random, has only 1.2 per cent of his or her blood relatives tuberculous, 
the absolute numbers involved in the two samples being approximately 
the same. In other words, in so far as this material may be regarded 
as typical, we can assert that a tuberculous person chosen at random from 
the working class population will have nearly six times as many blood 
relatives tuberculous as will a nontuberculous person taken at random 
from the same population. We note that the same kind of difference 
appears in each generation. The difference is insignificantly small in 
amount in the grandparental generation. This must be attributed, I 
think, merely to random sampling. I judge that with larger numbers, 
this generation would pass into the same class as the others. 

One other point which needs explanation, lest an erroneous conclusion 
be inadvertently drawn from table 3, appears in the figures for the 
child generation. It will be noticed that whereas the histories of the 38 
tuberculous subjects yield 1015 blood relatives in the child generation 
(F, generation in current genetic usage) the 19 histories of nontubercu- 
lous subjects yield but 212 individuals in the same generation. This 
does not mean, as might be supposed, a reduced fertility in the nontu- 
berculous as compared with the tuberculous. The difference arises 
merely from the fact that the method of selection of subjects upon which 
to start histories is such as to give a considerably lower average age of. 
subject in the nontuberculous group. Naturally they would have fewer 
offspring in the F; generation. Briefly the method of getting cases is 
this: Tuberculous subjects are taken at random from the list of active 
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cases registered in the Tuberculosis Bureau of the Baltimore Health 
Department. Nontuberculous subjects are taken at random from cases 
which have passed through the Juvenile Court of Baltimore at one time 
or another. The individuals are naturally, on the average, younger in 
the latter case than in the former. 

An inexperienced person, not aware of the pitfalls which strew the 
pathway of the investigator of tuberculosis might think that table 3 
told the whole story; that it in short proved the case for the inheritance 
of the disease. But it will pay us to look a little further into the matter 
before jumping to this alluring conclusion. Amongst other data which 
we have collected in this work we have included elaborate and detailed 
information wherever possible as to the duration and extent of personal 
contact of individuals in the family history with persons in an active 
“open” tuberculous condition, whether in the family home or outside. 
Of course it is impossible to get this information accurately for every 
individual in a pedigree, and consequently the number of individuals 
appearing in the following tables is smaller than in table 3. Let us exam- 
ine the data obtained from such inquiries. The material is exhibited in 
tables 4 and 5. In this table the headings have the following meanings: 

1. Close contact means that the enumerated offspring, whether tuber- 
culous or not, were known to have been in close and frequent contact 
with an active case or cases of tuberculosis in their relatives or elsewhere. 
In case of the tuberculous offspring this contact existed for some time 
before they, the offspring, became themselves tuberculous. 

2. No close contact means that the enumerated offspring, whether 
tuberculous or not, were known not to have been in close and frequent 
contact with an active case of tuberculosis among their relatives, and 
there is no evidence that they were in such contact with active cases 
among other persons. 

Table 4 gives the raw material so far available. 

The data of table 4 are summarized in percentage form in table 5. 
Inasmuch as the number of cases for some of the ancestral combinations 
is small, we have ventured to combine certain of the rubrics of table 4. 
It will be noted that even in this small beginning of the contemplated 
investigation we have included in table 4, 690 individuals for whom we 
know the contact relations and the tuberculous history of the ancestry 
for two generations back. 

These results are a striking illustration of the caution which must be 
exercised in drawing conclusions about the inheritance factor in the 
etiology of tuberculosis. We note: 
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1. Where there is no immediate tuberculous ancestry (parents and 
grandparents nontuberculous) 7.4 per cent of the offspring are actively 
tuberculous. This probably-represents a little less than the normal inci- i 
dence rate of the disease in the general working class population in Bal- ; 
timore. Of this 7.4 per cent, however, nearly a fourth (exactly 22.2 


TABLE 4 
Contact relations of individuals in family histories 


OFFSPRING 
~ Tuberculous Suspect Total 
31331 8198. | 
ea | se | | | Se 
88} 88 | | 88 | o8 |] 8] of 
No parent or grandparent tuberculous...} 38 | 300 ort 28 Lb; 44 | 321 
No parent, one grandparent tuberculous.| 16 65 10 0 23 | 75 
One parent, no grandparent tuberculous.| 46/ 13] 15 1 10; 0 
One parent, one grandparent tuberculous.} 43 | 19 5 1 0; 0 
One parent, two grandparents tuberculous} 11 4 2 0 0; O 
One parent, three grandparents tubercu- 
Two parents, no grandparent tuberculous} 20 vr is 1 3; 0 
Two parents, one grandparent tuberculous 6 3 4 0 0; 0 


Percentage of close contact in different ancestral groups 


PER CENT OF 


PER CENT OF PER CENT OF 
NONTUBERCU- 
TOTAL OFF- TUBERCULOUS . 
SPRING TUBER- OFFSPRING IN S05 


IN CLOSE CON- 
TACT 


CULOUS CLOSE CONTACT 


No parent or grandparent tuberculous......... 7.4 22.2 11.2 
No parent, one or more grandparents tuberculous 17.3 41.2 19.8 
One parent, and no, one or more grandparents 
Two parents, and no, or one grandparent tuber- ' 


per cent) were known to have lived for some time before developing the 
disease in close contact with an active case or cases of tuberculosis. On 
the other hand, of the 92.6 per cent of nontuberculous offspring of non- 
tuberculous ancestry only about one-tenth (exactly 11.2 per cent) had : 
been in close contact with an active case. In other words, twice as 
many of the tuberculous offspring of nontuberculous ancestry had been 
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in close contact with active, open tuberculosis, as had been the case with 
the nontuberculous offspring of nontuberculous ancestry. 

2. As we pass to the next ancestral rubric, which includes cases where 
neither parent was tuberculous, but one or more of the grandparents 
were, it is seen that the percentages all increase. Seventeen and three- 
tenths of the offspring are tuberculous, but nearly one-half of these 
tuberculous offspring (exactly 41.2 per cent) were for some time before 
acquiring the disease in close and intimate contact with an active open 
.case or cases. In the case of the 58.8 per cent of nontuberculous off- 
spring, having the same type of ancestry relative to tuberculosis, only 
about one-fifth (actually, 19.18 per cent) had been in such close contact 
with active open cases. Or again we see, just as in the nontuberculous 
ancestry rubric, that relatively about twice as many of the offspring who 
developed clinically active tuberculosis had been in close contact with 
other tuberculous cases as in the case of the non-tuberculous offspring 
of the same type of ancestry. 

3. The next line of the table includes the cases of still more pronounced 
tuberculous ancestry. Here are brought together all of the. offspring 
who had one parent tuberculous, and no, one, or more grandparents 
tuberculous. In this case, the percentage of the total tuberculous off- 
spring rises only a little above that in the preceding rubric, the increase 
amounting to only 2.5 per cent, but the contact rates show a relatively 
enormous difference. Whereas, about one-fifth of the offspring of this 
type of ancestry themselves show active tuberculosis, nearly all of the 
individuals who do exhibit the disease (exactly 94.1 per cent) are known 
to have been in close contact with one or more clinically active cases for 
some time before they broke down with the disease. Of course, this 
enormous increase in the percentage is accounted for, to a large degree, 
by the fact that one parent is tuberculous, and the children have lived 
with this parent while he or she was actively tuberculous, but before 
they (the children) acquired the disease. But whatever the explanation 
the difficulty in interpreting the data from the standpoint of pure inher- 
itance is obvious. An exactly similar, though not so large, increase is 
found when we examine the nontuberculous offspring of this same type 
of ancestry, where one parent, and no, one, or more grandparents are 
tuberculous. Of the nontuberculous offspring of such ancestry 73.9 per 
cent have been in close contact for some time with active open cases of 
tuberculosis. 
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4. In the last line of the table we have the cases where both parents, 
and no or one grandparent were tuberculous. Here we find 38.2 per cent 
of the offspring tuberculous. Of these tuberculous individuals, 95.2 per 
cent were known to have been for some time in close contact with an 
active Open case or cases of tuberculosis before they exhibited signs of 
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100 PERSONS HAVING PERSONS HAVING 
NO PARENT OR NO PARENT BUT ONE PARENT, AND NO, TWO PARENTS; AND 
GRAND PARENT ONE OR MORE GRAND ONE OR MORE GRAND NO OR ONE GRAND 


TUBERCULOUS PARENTS TUBERCULOUS — FARENTS TUBERCULOUS PARENT TUBERCULOUS 
NO "CLOSE CONTAGT 


Fic. 2. SHOWING THE CONTACT RELATIONS OF TUBERCULOUS AND NONTUBERCULOUS INDI- 
VIDUALS OF DIFFERENT GRADES OF TUBERCULOUS ANCESTRY, PREPARED FROM 
DatTA OF TABLES 4 AND 5 


the disease. Of the 51.8 per cent nontuberculous offspring of this same 
ancestry, about three-fourths (exactly 76.5 per cent) had been in close 
contact with active open cases to just as great a degree as their tubercu- 
lous brothers and sisters without themselves developing the disease. 

The results of table 5 are shown graphically in figure 2. 
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These tables, 4 and 5, demonstrate the difficulty of interpretation which 
inheres in statistics regarding the inheritance of the tuberculous diathesis. 
As the amount of tuberculosis in the direct ancestry increases, the amount 
of tuberculosis in the offspring increases also, but the disturbing fact is 
that the rate of close contact with open active cases increases enormously 
more rapidly than does the rate of incidence. In short, we find that 
where one or both parents are actively tuberculous, practically all the 
offspring who subsequently develop tuberculosis have been in close, inti- 
mate contact with another active case, usually, of course, that of the 
parent or parents. Instantly those who oppose the view that constitu- 
tion plays any part in the etiology of disease, and particularly of tuber- 
culosis, will assert that this explains the whole matter—that if the 
children had not been in contact with the open, active cases, they would 
not have broken down with the disease. Just possibly they may be 
right. The case, however, is not simple. Our figures equally show that 
where one or both of the parents were actively tuberculous, virtually 
three-fourths of the nontuberculous offspring have been in just as close contact 
with active open cases as their brothers and sisters who unfortunately developed 
the disease. And it must not be supposed that this high contact percent- 
age can be explained by asserting that the nontuberculous children of 
tables 4 and 5 are all young children who will subsequently all develop 
the disease. This is not true. Their average age is significantly the 
same as that of the tuberculous offspring. 

Since the material is here used for purposes of illustration only, and 
since the numbers involved must be greatly increased before a final 
analysis can be undertaken, I shall make no attempt here to go into any 
further detailed analysis of this material along lines which obviously sug- 
gest themselves. The disturbing thing, and the thing which demon- 
strates that much further work must be done upon the problem, is that 
in every case the close contact rate is higher (compare the second with the 
third column in the table) for the tuberculous offspring than it is for the 
nontuberculous offspring. In other words, these figures indicate that 
familial contact with active open cases is beyond question a factor in 
determining the incidence rate of clinically active tuberculosis. It 
appears equally obvious, however, that it certainly does not account for 
the whole, and probably accounts only for a small part, of the increase 
in the incidence of the disease which we find to occur as the amount of 
tuberculosis in the immediate direct ancestry increases. 
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As I have repeatedly stated, these figures are to be regarded as only 
preliminary, and are introduced here solely for illustration of difficulties 
of method. Before we shall be satisfied to draw conclusions from them, 
or to pursue them to their ultimate possibilities in the way of mathemat- 
ical analysis, we shall need to multiply the numbers many-fold. I do 
think, however, that the material here presented is sufficient in the first 
place to justify caution against accepting unreservedly any supposed 
measurements of the force of inheritance in determining the frequency 
of breakdown from tuberculosis. In the second place, I think the figures 
are useful as demonstrating that if the problem is ever to be solved we 
must obtain data of a much more detailed and accurate character than 
any of those which, so far as I am aware, have hitherto been used, in 
attempting to measure the significance of the inheritance factor. 
Evidence from the natural history of the disease. We may now pass 
from a consideration of the direct evidence of the inheritance of the 
tuberculous diathesis to certain of the lines of indirect evidence, which 
are not less important in reaching a just conclusion regarding this import- 
ant problem. A good deal of important indirect evidence may be 
derived from known facts regarding the natural history of the disease. 
Let us first in this connection examine what is known about the history 
of mortality from tuberculosis in old civilizations on the one hand, and 
newly settled countries on the other hand. Pearson was the first to 
point out the curious fact that the decline in the rate of mortality from 
tuberculosis, which in old and long settled countries had been going on 
at a steady rate for a good many years, ceased to proceed at the same 
rate almost immediately following the discovery of the bacterial causes 
of the disease. While to be sure the mortality rate continued to decline, 
this decline has proceeded at a much slower pace since the time of Koch’s 
discovery of the bacillus, and the consequent inauguration of the active 
“fight against tuberculosis.” Pearson first dealt in detail with the 
corrected mortality rates for England, and compared the phthisis death 
rate- with the general death rate from all causes. He found during the 
period from 1847 to 1866, which was characterized in the case of the 
general death rate from all causes by a stability of course, that the death 
rate from phthisis fell long before the general death rate, and before 
what may be termed the period of sanitation. He points out that “this 
in itself indicates a natural rather than an artificial decay of phthisis.” 
He further showed that during what he terms the “‘period of sanitation”’ 
(1866-1891) the fall in the phthisis death rate was more marked than in 
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the general death rate. During his third or last period (1891-1910), 
during which time three things happened, namely, the discovery of the 
tubercle bacillus, the introduction of sanatoria for the treatment of 
tuberculosis, and the inauguration of the “fight against tuberculosis,” the 
rate of fall in the death rate of phthisis instead of being accelerated was 
actually retarded. 

Examination of the same sort of data from other countries in Europe, 
and from the part of the United States adjacent to the Atlantic seaboard, 
where the records run back for a considerable period of years, indicates 
that these phenomena which Pearson first pointed out for the tuberculo- 
sis death rate of England are apparently general and world-wide phe- 
nomena, for all biologically similar kinds of population. Owing to lack 
of space it is impossible to present this material here. 

Recently Pearson (5) has brought his discussion of the tuberculosis 
death rate of England up to date. In 1911 he pointed out that the curves 
then available seemed to indicate that an actual rise in the phthisis death 
rate might in the near future be reasonably expected. The indications 
that this view was correct were still stronger when the returns for 1910 
and 1914 were plotted. In the most recent paper he has plotted the 
figures to and including 1918. Owing to the difficulty in interpreting 


any vital statistics in a country like England during the war period it is 
not entirely clear whether the actually observed rise in the rate of tuber- 
culosis mortality which the curves show is to be regarded as a real phe- 
nomenon. Pearson’s very conservative conclusion in the matter is as 


follows: 


On the whole it is risky to form a very definite judgment, but, having regard 
to the female phthisis death-rate and to the percentage of the phthisis death- 
rate on the general death-rate, war difficulties do not seem to me sufficient 
to obscure the general trend of our graphs (as indicated before the war), 
namely that somewhere about 1915 the fall in the phthisis rate which has been 
less rapid since 1895 would cease altogether and probably be followed by a 
rise. ‘The next five years will show whether this be true or not. We should 
expect a fall in the phthisis death-rate immediately, but on the average the 
value will remain higher than that of 1915. 


Strong indirect evidence of the importance of the constitutional factor 
in the etiology of tuberculosis is afforded by the course of the tuberculosis 
death-rate in newly settled countries, where pioneering stock has gone 
to take advantage of the opportunities of an unexploited land. The 
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course of events in all such countries where it is possible to get figures " 
seems to be something like this. In spite of the fact that the early i 
settlers are for the most part within the age groups where the incidence 
of tuberculosis is normally heaviest, namely, from say twenty to forty- 
five years, the tuberculosis mortality in these countries is at the outstart 
very low indeed, and rises, at a more or less rapid rate in different coun- 
tries, the longer the country has been settled, until finally it reaches what 
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may be regarded as a normal level for the tuberculosis death rate, having 
regard to the climatic conditions and the racial stocks involved, whatever 
they may be. As an indication of what happens in such cases figure 3 
is inserted, which gives the death rate from tuberculosis for the Prov- 
inces of British Columbia and of Saskatchewan in the Dominion of 
Canada. For comparison over the same period of time the tuberculosis 
death rate of the Province of Ontario is inserted. Ontario is, of course, 
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a much longer settled country than either Saskatchewan or British 
Columbia. Unfortunately, the number of years available for either of 
the new provinces is small, but the curves given will sufficiently indicate 
the general trend of affairs. 

This diagram shows that in the relatively newly settled provinces of 
British Columbia and Saskatchewan the tuberculosis death rate is ris- 
ing. In British Columbia, which has been settled longer (it entered the 
Canadian Confederation in 1871) than Saskatchewan (which became a 
province in 1905) the rate has reached what may be regarded as a normal 
level and is not likely to increase much further. On the other hand the 
rate in Saskatchewan is extremely low absoluiely, and is rising rapidly. 
In both cases the contrast with Ontario, which is inhabited by the same 
sort of people racially as the other two provinces mentioned, is very 
great. The Ontario rate is slowly falling, the normal condition in an 
old, long-settled country. 

These results are precisely of the sort which would be expected on 
biological grounds. Pioneering stock—the sort of people who adventure 
to settle new countries—is made up mainly of constitutionally sound 
and vigorous people. They are of the age most liable to tuberculosis, 
but they are constitutionally not the kind of persons who have tubercu- 
losis. Consequently, we find the death rate from tuberculosis in the earlier 
years of such settlement of new country, very low. But it steadily rises. 
As the new land is opened up by the pioneers and living is proved by 
them not to be too hazardous a business, people of weaker stocks follow 
them into the country. The death rate from tuberculosis in consequence 
begins to rise and continues steadily to do so till a stable absolute level 
is reached corresponding to the normal for the climatic conditions and 
racial stocks involved. 

The phenomenon which is here illustrated by the data from these three 
Canadian provinces appears to be general for new countries as compared 
with those of long settlement. 

Evidence from differential racial incidence in the same environment. 
It is a well known fact that different races and peoples exhibit statis- 
tically widely different rates of mortality from tuberculosis. I do not 
now refer to any comparison of uncivilized races initially exposed to 
the tubercle bacillus, with civilized races long habituated to its pres- 


3 In order to show more clearly the trend of the mortality, straight lines have been fitted 
to two of the curves in fig. 3. The equation to the British Columbia curve is y = 45.9 + 
4.9x, where y denotes death rate and x time. The Ontario curve is y = 110.4 — 2.1. 
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ence. It is well known that the ravages of this disease, as well as many 
others, are terrific among people meeting it for the first time. Such facts 
have little if any evidential bearing upon our present problem. There 
is, however, another set of facts which appears to be of considerable 
significance in indicating that genetic constitution plays an important 
part in the etiology of the disease. This is the widely different rates of 
fatal breakdown from tuberculosis among different racial stocks living 
in the same general environment. The most recent data upon the 
subject are furnished by Dublin and Baker (6) in a notable piece of bio- 
statistical research. 

Table 6 is compiled from their data. 

From this table it is evident that different racial stocks, living under 
the same climatic conditions, exhibit wide differences in their mortality 
from tuberculosis. Contrast the Italian, with a male mortality at all 
ages from tuberculosis of 81.5 per 100,000 in Pennsylvania, with that of 
Irish males in the same state, which reaches the value of 342.8 per 
100,000. For the same two race stocks the females show in the same state 
mortality rates of 102.2 and 201.2 per hundred thousand respectively. 
It is evident that the Irish react to the same environment in a totally 
different way than do the Italians in respect of tuberculosis. The rela- 
tively great racial susceptibility of the Irish to this disease is well-known. 
It appears wherever vital statistics are recorded. 

There are many interesting points of detail which might be discussed 
in connection with table 6, but space is lacking here. I merely insert 
the table as a standing demonstration of the broad general fact that 
there are wide differences in respect of mortality from tuberculosis among 
different race stocks living in the same general environment. These 
differences are larger in amount than can reasonably be explained by 
any differences which may be supposed to exist, or do in fact exist, be- 
tween the different stocks in respect of habits of living, social, or economic 
status, or other environmental factors. 


CONCLUSION 


In the brief space of an address it is wholly impossible to marshal more 
than the smallest fraction of the pertinent evidence which bears upon 
this problem. All that has been attempted here, and if that has been 
accomplished I am satisfied, is to demonstrate, in the first place, that 
the problem of the causation of breakdown with clinically active tuber- 
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culosis, is a problem of tremendous complexity and difficulty, towards 
the solution of which only the merest beginning has been made, and in 
the second place, that the inherited constitution of the individual is a 
factor in the problem of a great deal more than the negligible importance 
which some in high positions would accord it. I realize as clearly as my 
critics, potential and actual, possibly can that the evidence which I 
have presented here, as well.as practically all of the other evidence now 
existing regarding the role of the constitutional factor in tuberculosis, is 
capable of other interpretation than the one here suggested. I person- 
ally think that these other possible interpretations of the facts I have set 
forth are extremely improbable, and that the one I have suggested is 
probably the correct one. I cannot as yet, however, prove the absolute 
correctness of my faith. But I also perceive with equal clearness that 
the environmentalists’ case, the infectionists’ case, and all the rest are 
on no better footing. The plain fact is that we are densely ignorant of 
the relative influence of the several factors which may be concerned in 
the etiology of tuberculosis. The task before the investigator is to de- 
vise and accomplish a real measurement of the relative importance of the 
hereditary and environmental factors in the tuberculosis problem. 

With the closing remarks of Dr. William Bulloch, in the discussion 
following the reading of the notable paper by himself and Dr. Major 
Greenwood before the Royal Society of Medicine, I find myself in com- 
plete agreement. Doctor Bulloch said that the object in presenting 
the paper was: 


to enter a protest against the wild statements now being made in the lay and 
medical press, that the whole problem of phthisis was one of infection. Medi- 
cal history showed that in tuberculosis, as also in the case of other diseases, 
the most extreme views were taken, not by those who had contributed the 
actual advancement in knowledge, but by those whose business it was to 
apply those advancements for the needs of the public. There were a large 
number of well-ascertained facts which were not entirely explicable on the 
doctrine that disposition was not an important factor in the genesis of the 
disease, and that before rigorous measures were applied on a wide scale the 
actual facts should be ascertained. He did not agree that public health 
authorities must always “do something.” This “doing something” should be 
put a stop to until there was a reasonable supposition that it was going to 
achieve itsend. He did not wish it to be understood that the tubercle bacillus 
was not a potent factor. What he did refuse to believe was that it was the 
only factor. He considered that the disposition, the power of the individual 
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to resist the aggressive inroads of the bacillus, was greater than many people 
held at the present day. 


Finally, I wish also to quote the closing words of a recent notable 
paper by Dr. S. Lyle Cummins (7). He says: “These considerations 
indicate that exhaustive research is still necessary in order that efforts at 
the control of tuberculosis may be directed upon effective lines.”” With 
this opinion I most heartily agree. 
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ALLEN K. KRAUSE 


From the Kenneth Dows Fund for the Study of Tuberculosis, of the Medical Clinic of the Johns 
Hopkins Hospital and University 


The topic before the conference to-night is phrased as a query, in the 
manner of a subject to be debated. It is, moreover, put in such a way 
as to suggest that somewhere in the shorter or longer journey which 
the human being traverses between his reception of the tubercle bacillus 
and his consciousness of the latter’s effects, there enters a single decisive 
factor which determines the release of all those baneful effects of the 
germ to be met with in the man sick with tuberculosis. 

I may at once avow, to the prejudice of any argument that may later 
be necessary to support my views, that my own conception of tubercu- 
losis does not permit so restricted an understanding of its clinical eti- 
ology. Basic causes of breakdowns I can readily comprehend: the basic 
cause, not at all. For, to imagine the actuality of the basic cause, that 
is, that there is at work a single influence which leads and brings tuber- 
culous infection into the open, would make it necessary for me to scrap 
practically every bit of all that information which to me seems best 
authenticated and most easily demonstrable under the most rigid con- 
ditions of observation available to experimental biologists and clinicians. 
Before adapting my mind to accept the possibility of one basic cause 
I should be obliged to give up every fact, as I see it, of pathological evo- 
lution, of symptomatology, treatment and of specific immunity in tuber- 
culosis. The clinical etiology of the infection cannot be set apart from 
several of these other phases and data from all cannot but contribute to 
an understanding of the etiology. A thorough analysis of these inter- 
relations is neither possible nor in place here. But much that I shall 
have to say will at bottom concern etiology viewed as an inseparable 
part of what is a compact whole—from infection at one end to death or 
healing at the other. ; 


1 An address delivered at the General Meeting of the North Atlantic Tuberculosis Con- 
ference, Richmond, Virginia, October 7, 1920. At this meeting was discussed The Basic 
Cause of Breakdown with Tuberculosis: Is it Malnutrition, by Bailey B. Burritt, New York; 
Is it Heredity, by Raymond Pearl, Baltimore, and Is it Environment, by the author. 


713 


q 
‘ 
. 
q 


714 ALLEN K. KRAUSE 


You will understand, therefore, why special pleading for environ- 
ment as the basic cause of breakdown appears to me to be futile and 
unscientific. And, although it settles nothing, I consider it much more 
to the point to call attention to various factors and perhaps determining 
conditions which must always be thought of—at least, they cannot be 
neglected or dismissed off. hand—whenever the account of tuberculosis 
-etiology comes to be cast up. These factors, as it happens, may for the 
most part be comprehended in what we call environment. 

But first, what concept shall the term environment convey? ‘Though, 
in its relation to tuberculosis it is probable that environment will convey 
to various men an impression of larger or smaller domains, although 
its scope cannot be strictly defined, and although too there will be no 
universal agreement as to its scope, for the purpose of exposition it is 
very necessary to make clear what we mean by environment. 

This fact was very strongly borne in upon me several weeks ago while 
discussing tuberculosis etiology with several men who are in the fore- 
front of our work. After a good hour’s interchange of ideas it was plain 
that each of us had his own idea of what comprised environment and 
that no two ideas coincided at all points. I was then told what was 
really altogether new to me. This was that to a large number of our 
most active and most competent antituberculosis workers environment 
from beginning to end was nothing more than those physical objects 
that externally encompass human beings—more concretely, the cities, 
the streets, the houses and backyards, the rooms in which men live 
and move, the baths, the windows, the stoves, the furniture, the cloth- 
ing, the space, air and sunlight which people may or may not have. I 
was told that there was a certain aggregate amount of all this gear 
which made up a standard of what is called good hygiene and that a 
falling short of the standard meant poor hygiene. I learned further 
that not a few public health workers believed that, if good hygiene— 
as I have outlined it—were brought to pass and were kept up, tubercu- 
losis as a disease would be checked. And, in answer to my direct ques- 
tion as to who believed this, one or two eminent names were cited. 

Now everyone would admit that a thorough cleaning up of our physi- 
cal environment would in time bring about a disappearance of tubercu- 
losis, simply by removing all chances of contact with tubercle bacilli, 
even though no other influence were exerted on us. But the very way 
in which this evening’s subject is put indicates that light is desired, 
not so much on how environment may establish or do away with oppor- 
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tunities for infection, as on how it may convert a well yet infected man 
into a sick one or promote those conditions which allow infection to 
run an uninterruptedly progressive course. Our task is to discover 
whether environment is in any way responsible for the circumstance 
that many tuberculous persons fall ill though most remain in health. 
And, in examining environmental factors we must of necessity pay 
attention to such purely external surroundings as we have just named. 

Yet surely, for our present purpose, this is much too narrow a view 
to take of environment. There may, for instance, be an environment 
of disease—of measles, of septic infections, of the common cold, of influ- 
enza, to mention only a few. If it be asked whether this type of envir- 
onment is not necessarily bound up with that of conditions of living 
and housing we would answer in the negative: for the recent pandemics 
of influenza, with their frightful toll throughout the world and among 
all types of civilizations and societies make it impossible to view this 
particular scourge as influenced by any habits and modes of living such 
as we are familiar with. 

Again, altogether apart from an environment which is to be compre- 
hended under good hygiene there is an environment which would com- 
prise numberless opportunities for physical injury to the person, an 
environment of perfectly accidental happenings, which neither foresight 
nor law nor instruction can ever wholly do away with. — 

There is besides an environment of occupation. The man at the 
desk or counter, the shoemaker, the tailor, the glassblower, the cab- 
driver, the farmer, the athlete, the puddler, the miner—all have the 
physical marks of their trade upon them. The life, the customs, the 
habits, the demands and necessities of the several classes of society 
leave their traces on their members no less. If we compare the peasant 
girl with one gently bred at age sixteen, we not uncommonly find no 
differences in health, grace and beauty; or, if there be a difference the 
comparison, as often as not, favors the former. Yet how often have 
we seen two or three decades of rough, country life ever-vaunted as the 
road to health and contentment, make of the one a broken woman old 
before her time, while the same period of ease and urbane life bring to 
full flower all that was budding in the maiden. 

When, sick with angina pectoris and aware of the influence of psychic 
disturbance upon his physical condition, John Hunter said that his 
life was in the hands of any rascal in London who chose to take it, he 
simply indicated the possible more disastrous effects of an environment 
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about which our books on general medicine are strangely silent yet which 
drives thousands of us mortals to our practitioners. This is the environ- 
ment of personal association—of antagonistic personal association, in 
particular. The older philosophers and brooders over the well being 
of man were enormously impressed by this factor in human nosology: 
dust off again your old Burton and see how it appeared to him. Yet, 
for a considerable period, until recently, when psychiatrists again brought 
this type of environment into prominence and coined a new nomen- 
clature to speak intelligibily to one another of “conflicts” and the 
morbid results of these, formal medical instruction, given to more 
mechanical views of disease, was apparently oblivious to its existence 
and influence 

It should hardly be necessary to point out the enormous amount of 
functional disturbances which the jarring reactions of personalities 
bring into being: nor are their effects on already established organic 
deficiency or disability any less marked. Every physician soon becomes 
familiar with them and is mindful to attempt to control them when treat- 
ing his patients. There is a social and a familial environment of amia- 
bility and good-fellowship and contentment and happiness: it may exist 
in surroundings which physically may be far from our accepted hygienic 
ideal: and its effect on the géneral well being of those happily situated 
in it is all good. This much is, I think, beyond dispute. But there 
is also a radically different environment: one of incompatibility, and 
oppression and brutality and even bestiality. It is by no means 
the heritage or appanage of the hovel. It may exist where air and 
space and light and food leave nothing to be desired; yet even here it 
will make for ill health. It is at least a debatable statement that the 
fullest development of the race demands those conditions—that social 
and political environment—which will allow the greatest freedom and 
play of individuality. It is nevertheless a commonplace, a criticism 
in fact, that the great weakness in all ideal commonwealths, from 
Plato’s system down to the actual feeble workings of democracy to-day, 
is a certain insistence that all men conform to common standards. 
Out of this struggle between the instinct and passion for self-expression 
on the one hand and those rules of conduct which, on the other, society 
deems necessary for its own fixity, innumerable conflicts arise. The 
issue of these may be acquiescence; but only too often their ultimate 
effects are what we call misfits, or the apathy of despair or even occa- 
sionally self-destruction. And in and by reason of all this welter not a 
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little physical ill health is brought about. Concerning still another 
side of this phase of environment—that so ardently played up by Freud 
and his followers—I think that little need be said here, though I recog- 
nize much of the validity of their contentions. 

I-would not over-emphasize the part played in disease by disturb- 
ances of the psyche. I wish merely to point out that it is a very teal 
influence arising out of what is almost man’s normal environment 
whether this be made up of the relationships that exist between hin 
and his kindred or those between him and more casual associates or 
between him and the ideals and practices of society at large. I do thinx 
that to deny its influence on health is to disregard the most obvious © 
phenomena that confront us. 

A more detailed recital of what enters into my own comprehension of 
environment would be superfluous. The long and short of it is that 
environment comprises all and everything that enters into the exper- 
ience of a human being; and that, as regards tuberculosis, any experience 
that.may modify in any way the origin and development of infection is 
an environmental influence. 

Perhaps this view is too all-inclusive. It would, for instance make 
malnutrition an environmental factor, unless in any particular case 
malnutrition were the result of congenital tissue or organic vice and not 
of deprivation or improper intake or ingestion. Yet under the latter 
circumstances, malnutrition is assuredly as much an affair of environ- 
ment as is the nature of the house one lives in. 

At any rate, too great inclusiveness will undoubtedly lead to less mis- 
understanding than too narrow a point of view. As I see it, only two 
really fundamental factors can possibly have an influence on disease. 
These are inheritance or the nature and activities, whether these lie 
fallow or are at all times fully expressed, of the tissues as these are born 
into the world; and environment, which includes every mundane exper- 
ience which, directly or indirectly, may have an effect on the consti- 
tution and function of tissues. 


There are only two ways in which clinical tuberculosis can develop. 
These are through the advance or the renewal of activity of foci which 
have existed, perhaps unknown to the possessor, for variable lengths of 
time (theoretically, the period may be almost as long as a lifetime itself) ; 
and through the development of foci uninterruptedly from the time of 
infection to the exhibition of symptoms. 
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Cases of the first type are common and many are comparatively easy 
of demonstration. We meet with patients whose breakdown is of the 
nature of a clinical relapse—the third or fourth relapse, it may be, who 
again become disabled after perhaps years of health, and in whom exam- 
ination reveals that the particular breakdown is due to renewed activity 
of foci which were known to exist and periodically give rise to symptoms 
before. In such patients we are never in any doubt as to the general 
pithological history; we are convinced that they harbor chronic tuber- 
calous lesions which have undergone periodic scarring and extension or 
softening. 

Or, as not infrequently happens, patients, presenting themselves 
with symptoms of tuberculosis for the first time, are found to have 
lesions which, because of their character and extent, are beyond question 
the culmination of years of infection. Here again we are satisfied that 
clinical disease is the result of infection received a long time previously. 
Generalized miliary tuberculosis and acute tuberculous pneumonia in 
previously healthy adults are invariably the results of extension of 
infection from preéxisting concealed and quiescent foci: as are osteo- 
arthritic, orchitic, renal, pleural, peritoneal and meningeal tuberculosis, 
and perhaps lupus. The frequency of clinical relapse plus the frequency 
of primary symptoms of tuberculosis of the lungs with old and com- 
paratively extensive lesions plus the frequency of primary clinical 
tuberculosis manifesting itself in organs that are not in direct communi- 
cation with portals of entry is sufficient proof that very, very often 
clinical breakdown is not the expression of recent infection from without 
but that it is the result of renewed activity or extension of long dormant 
lesion. 

Were anyone to ask why these cases break down I should answer 
because of a variety of immediate contributory causes which are often 
determinable and to which I shall refer in a moment. But over and 
above all cases in which the sequence of events is plain, prolonged obser- 
vation of patients and cadavers will bring to light not a few in whom 
we must conclude that the catastrophe happened because of purely 
accidental and fortuitous circumstances. The term accidental may be 
unscientific yet I know of no better way to put the case, which is this— 
that as regards such things as the focalization of infections and the 
influence which extraneous factors may exert upon them, there are 
accidental factors of place and time which may be, which indeed I have 
no doubt are, decisive in molding the subsequent turn of events—for 
better or for worse so far as the patient is concerned. 
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I have taken up this factor of tuberculosis pathology and its results 
at greater length in another address (1), and have no desire to dilate 
upon it here. But I may be permitted to repeat that altogether apart 
from other factors such as dosage of bacilli, etc., the mere point of local- 
ization of even the primary infection may be of great moment: a focus 
in immediate proximity to a large vein or the thoracic duct is, everything 
else being equal, certainly to be regarded as pregnant with greater evil 
than one at the very lung apex or in a mid-mesenteric lymph node. We 
cannot conceive that any element of inheritance, resistance, virulence 
or ordinary environment was responsible for focalization in the one place 
rather than in the other. There were of course some environmental 
factors of tissue relations and activities, operating immediately, which 
did determine the place of localization: but these are beyond the scope 
of this analysis and are ordinarily not demonstrable. We say that in 
some instances the place of focalization was accidental and let it go 
at that. 

But note the result. The focus in apposition to the thoracic duct may 
ulcerate, spreading generalized miliary tuberculosis and death. The 
ulceration of a similar focus in a submaxillary node would eventuate in 
a comparatively benign condition. 

The stories told daily in consultation rooms and the observations 
gleaned at the bedside proclaim only too often immediate causes of 
breakdown from tuberculosis and to me far outweigh any evidence, posi- 
tive or negative, gained in any other manner. I have lately read sev- 
eral contributions in which the authors report that they have examined 
the histories of soldiers who developed tuberculosis while in the army, 
have cast up columns of figures and have found that none of their 
tuberculous soldiers had received wounds that bore any relation to their 
tuberculosis. They therefore conclude that trauma does not bring about 
clinical tuberculosis. 

Now it might have been perfectly all right for these authors to tell 
us that none of their cases developed tuberculosis because of trauma; 
but to say that trauma has no influence on tuberculosis is a totally differ- 
ent matter. It may not in most cases: or the association may be diffi- 
cult or impossible to detect. But it does have an influence in some-cases: 
and we should remember that when it comes to the complete affirmation 
or negation of a general principle, a single positive phenomenon or 
finding will completely outweigh all negative reports, no matter how 
overwhelming appears the numerical evidence against. Remember the 
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experience of Claude Bernard and his discovery of glycosuria by piqure 
of the fourth ventricle. It would probably not be difficult for some sur- 
geons of large experience to prove numerically from their own records 
that cancer never arises from gastric ulcer: in hundreds of cases of the 
latter they had never encountered cancer. Yet an obscure country 
physician may find that his only case of ulcer of the stomach was devel- 
oping cancer. I have heard some sweeping generalizations about the 
nonoccurrence of pulmonary tuberculosis with mitral stenosis: yet I 
have seen a case. 

Not long ago I saw a man who, after a sojourn at a sanatorium, re- 
turned, a well-arrested case, to follow his occupation as chauffeur. He 
remained well; until, one day while bending over to crank his auto- 
mobile, the crank flew off andstruck him a violent blow on the left side 
of the chest where his active tuberculosis had been localized. He imme- 
diately developed alarming symptoms of illness and was found to have 
sustained a pneumothorax. 

In this case there cannot exist the slightest doubt as to the influence 
of trauma. It at once caused a rupture of an already diseased pleura. 
I have observed haemoptysis to follow a blow and, following the haemop- 
tysis, acute pulmonary tuberculosis which was beyond question the first 
breakdown that the patient.had ever experienced. And this patient 
at first examination was found to have an entire lung involved with 
old sclerotic tuberculosis and a cavity at the apex. It is not to the 
point to ask why she did mot break down before. What is significant is 
that trauma precipitated her clinical tuberculosis. In a phthisical 
billiard player I once saw the most remarkable tuberculosa verrucosa 
growing between the thumb and index finger of the left hand, in the 
crotch where the man was accustomed to rest and move his cue. 

In my opinion there is not the slightest doubt in the world as to why 
tuberculosis manifested itself in the manner, both as regards time and 
place, described in these three cases. We can unhesitatingly affirm 
that had trauma not been applied, symptoms would not have occurred 
when and where they did. ‘They are all striking examples of environ- 
mental influences on tuberculosis. Trauma does bring tuberculosis to 
light—so much is certain: as to what proportion of breakdowns are 
attributable to trauma is another matter, which need not concern us 
here. 

At this place it may be well to touch for a moment the influence of 
pregnancy, labor and the puerperium. There is not a single physician, 
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be he obstetrician, phthisiologist or general practitioner, who would 
believe for an instant that the gravid state and its sequelae have no 
effect on tuberculosis. By far the greater number of women of course 
go through this experience without exhibiting the least evidence of 
clinical tuberculosis. But we do not draw our deductions from nega- 
tive data; and the fact remains that the proportion of tuberculous 
patients whose breakdown was initiated by pregnancy is still lament- 
ably high. I know of no better examples of the direct influence of what 
we may call noninheritable factors on tuberculosis than pregnancy will 
now and again reveal. Consider the following case: A young woman, 
gently reared and always vigorous and athletic, bears a child and has 
a protracted convalescence in bed with pleurisy with effusion, which 
develops very soon after delivery. She recovers completely and out- 
wardly remains in perfect health until the birth of a second child, when 
she breaks down with acute tuberculous pneumonia.—Or this second 
case: A woman perfectly healthy, becomes pregnant, bears a child and 
is then confined to bed for an unusually long period because of indefinite 
symptoms of illness, although there is some cough. She recovers after 
a while and two years later has a second child; and, this time during the 
puerperium she again has cough and fever, and spits blood. Again she 
recovers and several years later bears a third child, a short time after 
which she has massive haemorrhages and acute pulmonary tuberculosis. 

Every physician could multiply such cases at will. In the case of 
many of them there can be no question about what caused the break- 
down. We can be perfectly certain than an environmental factor, 
speaking broadly, turned the balance against a continuance of quies- 
cence of lesion. We are no less sure that feeding or inherited qualities 
or other factors of environment such as unsuitable housing, etc., either 
had nothing to do with the event or, if they did, they played completely 
subsidiary parts. The one outstanding fact is that the patient broke 
down at this time because she became pregnant and bore a child and 
that, if she had not had this experience, there is not the slightest-reason 
to believe that she would have developed clinical tuberculosis at the 
time. - 

Acute, infectious diseases, particularly those which may cause dis- 
turbance of the lymphatic or the respiratory system, are very frequently 
determinants of the outbreak of clinical tuberculosis. Measles, the 
common cold, influenza, septic infections (especially of the throat), 
are some of our most notorious “whipper$-up” of tuberculosis. We 
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are familiar with the deleterious effect which a cold may exercise on 
a patient who is being treated for tuberculosis and who, before being 
afflicted with a cold, may have been making satisfactory progress toward 
arrest. Weare similarly impressed by the large number of patients who 
break down for the first time after contracting a cold or an acute bron- 
chitis. In both instances the same interplay of forces is undoubtedly 
at work: foci which had attained fairly competent investment and thereby 
relative quiescence participate in the acute congestion brought about by 
the inflammation of an acute infection and are thus stimulated to fresh 
activity. Measles may bring about the same result, especially in the lungs 
and lymph nodes; and, as is well known, may in addition profoundly 
depress the allergy of the body. So may influenza. 

We need not pay detailed attention to the influence of physical and 
mental stress or excesses of all kinds in promoting tuberculosis. Their 
action is well understood and their results are so frequently met with in 
patients that little room is left to question their part either as contribu- 
tory or decisive environmental factors. 

Our point of view concerning the influence of crowded and unsanitary 
living conditions has shifted considerably during the past decade or 
two. When it was believed that opportunity for infection played the 
decisive réle in tuberculosis morbidity, it was believed that relatively 
much tuberculosis developed in the tenements because the condensation 
of population and its consequent evils established quantitatively an 
unusual degree of contact with the germ. But, as it became. more and 
more apparent that many adult breakdowns occurred on the basis of 
long-standing infection, newer explanations were demanded. 

These explanations are not far to seek and are in general much more 
rational and nearer the truth than was the older quantitative infection 
idea. The evils that accompany substandard living arrangements— 
poverty usually, with its overcrowding, filth, darkness and deadness: of 
air—are plain and need but slight elucidation. People who live in an 
environment of this kind, with few of the comforts and more refined 
interests and pleasures of life, overburdened only too often with chil- 
dren, are exposed to all the stresses and deprivations that result from 
this mode of life—improper or insufficient feeding and clothing, irregu- 
larity of menage, overwork, deprivation of the recreative enjoyments 
with excess of those that are dissipating and vicious, unusual oppor- 
tunities for contact with many acute infections, lack of proper aftercare 
in pregnancy and disease, etc. In short, such an environment is our 
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most fertile soil for the development of conditions which go far toward 
undermining and breaking general health, and thus lay the train for the 
lighting up of quiescent infection and bringing it to the field of clinical 
appreciation. As standards of living go down, ignorance, squalor, expo- 
sure to cold and heat, hunger, lack-lustre discouragement and indulgence 
of bestial appetite increase apace. And one general result can be noth- 
ing else than a deterioration of health. 

We have been concerned thus far with marshaling an array of factors, 
all of which are to be looked upon as environmental, which must be taken 
into account whenever tuberculosis breakdown on the basis of preéxist- 
ent lesion comes into question. If we be required to bring forward 
direct evidence that environment has any influence on tuberculosis and 
further asked to explain the modus operandi of such influence, we would, — 
first and above all, go to therapy to demonstrate our thesis. 

There can be no dispute over the general proposition that the intelli- 
gent application of what we call hygienic-dietetic treatment will improve 
the condition of most tuberculous patients. The more intelligent opin- 
ion also recognizes that the most effective element of this regimen is 
the limitation of the patient’s activities—a relief from stress which is 
so prescribed as to meet the individual patient’s needs and capacities. 
The therapy of chronic maladies will provide few more striking examples 
of functional betterment than that brought about by the judicious use 
of rest in circumscribed (nongeneralized) tuberculosis. Under its influ- 
ence the consumptive, to whom, while active, every step was painful 
with fatigue and every small task appeared almost insuperable labor, 
finds his whole outlook changed. Put him to bed or fix him to his chair 
and he becomes comfortable, his fever and tachycardia tend to decline, 
distaste for food abates and he puts on weight—all this, very often, with 
astonishing rapidity. A glance through sanatorium reports will show 
that this is the zmstitutional history of fully three-fourths of all patients. 
And there can be few men, of those familiar with the handling of the 
tuberculous in our sanatoria, who have not often thought that if the 
average time of discipline could be lengthened from less than six months, 
as it now is, to say three years, our ultimate arrest and mortality 
figures would be completely reversed. 

We are of course speaking now of the ordinary patient—not the 
phthisicus in extremis. And, in this connection, close observation of the 
physical powers of individual patients is highly significant. 
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While at complete rest, many may be altogether without symptoms. 
They may even be able to indulge in some activities—walking, for 
instance—for fifteen minutes, an hour or two hours a day, without 
functional disturbance. Every phthisio-therapeutist comes to learn the 
physical limitations of his patients: and he finds that a man who, at a 
given time, may be able to do fifteen minutes’ exercise will suffer if he 
exceeds this; or that another patient who may go through a whole day 
of light work comfortably will experience a return of symptoms if put 
at heavier tasks; or that some who have been practically well for months 
can be “‘broken,”’ as it were, if made to do unusual labor. 

This simple and common clinical experience, available to all who wish 
to make the experiment, proves, better than all other evidence, that 
environment does have an influence on tuberculosis—an influence that 
is ever powerful and ever active. The constitutional symptoms of tuber- 
culosis are brought about by the action of substances that are absorbed 
from foci of disease. The amount and rate of this absorption are con- 
tingent upon the character of the foci on the one hand and the physi- 
ological activities of the tissues enclosing them on the other. The char- 
acter of foci at any time is largely the net result of antecedent experiences 
on the part of its possessor:—we may, for instance, alter them at will 
by certain manoeuvres with.animals of experiment. The physiological 
activities of circumtubercular tissues vary, like those of any other tissues, 
with the experience of the individual—the experience, which is of course 
the play of environment upon the person. Physiological stresses and 
disturbances are set up by environmental conditions of many kinds, 
whether these be physical or emotional overstrain or disease in general, 
the latter of which is undeniably closely related to occupation, to posi- 
tion in life, to personal association, to living conditions, and what not, 
and which produces many physiological effects—changes of respiration, 
circulation, digestion, metabolism, etc.—which are not to be distin- 
guished elementally from those due to abnormal physical and psychic 
activity. 
tw At any rate, if environment has no effect in treatment, we may just 
as well discontinue our present methods and turn our patients loose to 
follow their own inclinations and to take their chances with the tissue 
stock that was born in them. Yet, even then, some would adjust their 
activities so as to create for themselves an environment such as we 
prescribe. For men suffer when they have tuberculosis. To many 
such, activity becomes painful—painful to the point of impossibility to 
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indulge in it. And thus slowed up, they would seek rest, when not a 
few would pull through or experience periods of reliefi—those periods 
which so normally punctuate the natural history of tuberculosis and 
which quacks have learned to exploit so well. 

If, however, environment does influence tuberculosis as we encounter 
the latter in treatment, then it must also have its effect in contributing 
tobreakdown. Any other viewisirrational. If the influence of environ- 
ment is so delicate that a few minutes’ more or less walking means 
much to the focus which is, as it were, sensitively balanced, its influence 
on quiescent, latent or concealed foci is no less delicate. True, it may 
not be so eloquently expressed, if the environmental force remains 
quantitatively small. A quiet walk of a half-hour would undoubtedly 
not have produced the least visible effect in the young athlete I knew, 
who had his first manifestation of tuberculosis—a haemorrhage—immedi- 
ately after finishing a half-mile run and who is now dead after a pro- 
longed illness with tuberculosis. But relations here are largely those 
of quantity. The mechanism of going into breakdown, or relapse, or 
periodic or prolonged increase of activity is fundamentally not very 
different. The sum of the effects of environmental forces reaches a 


totality which the balance between foci and surrounding tissues can 
no longer withstand. 


There remains another point of view from which we may discuss the 
influence of environment on tuberculosis breakdown. 

It will be admitted that the presence of tubercle bacilli in one’s sur- 
roundings is a very real environmental factor. It will also be agreed 
that this bacillary environment is very variable in quantity and char- 
acter of bacilli and in the media that contain and transmit bacilli. If, 
therefore, future observation and investigation should disclose that the 
continued or repeated attachment of these germs to human beings 
promotes in many instances the outbreak of clinical tuberculosis, the 
nature of one’s environment may on occasion play a very decisive role 
in determining the issue of infection. 

During the last decade we have become perfectly certain that an 
initial tuberculous infection endows an animal with increased resistance 
to reinfection from without (and, as a matter of fact, also from within). 
At the same time it has become common knowledge that the post- 
puerile ages of man are rather thoroughly tuberculized. _ 

Out of these two circumstances has evolved the opinion, which in 
some quarters has hardened almost into dogma, that reinfection is impos- 
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sible if a person has once been infected and that a// manifest tubercu- 
losis after childhood develops from infection suffered by the time ado- 
lescence is established. . 

Future work may show that all this is indubitably true. But I have 
never been able to convince myself that the evidence at hand permits 
of either proposition as a generalization of fact. 

The idea of the impossibility of human reinfection has been based 
on work contributed from the laboratory. Yet no experimental work 
that I am familiar with has made as sweeping a statement as that an 
infected animal cannot be reinfected. Indeed the facts of the matter, 
the all important details of controlled experiment on animals, point all 
the other way. . 

It is true that primary infection of animals confers a high degree of 
protection against reinfection. But at no time is this ever absolute: 
sufficiently massive doses will break it down. We also find that even 
moderate or small reinfections are always met by the animals with some 
kind of a response. Some kind of tuberculosis never fails to result, even 
though this be modified. It is not the progressive tuberculosis that 
results from the same dose of a primary infection, to be sure; but it is 
tuberculosis none the less; and I have seen it persist for a long time. 

Cattle immunization has given us most of our information concerning 
humanimmunity. The type of primary infection that results is also most 
comparable to what presumably occurs in man; that is, in cattle it is 
aimed to attain a self-limited, well-controlled infection, such as usually 
takes place in human beings under natural conditions. 

Yet it is under these very conditions, that is, when primary lesions 
are nonprogressive, that we find immunity to exogenous infection to be 
less high and less permanent. All cattle immunizers Have found, for 
instance, that even after a vigorous course of immunization, satisfactory 
protection to virulent infection cannot be maintained for much longer 
than two years. And the results of investigations on cattle and on other 
animals may be summarized about as follows: (1) primary infection 
confers protection against reinfection; (2) the protection is not com- 
plete; (3) as the primary infection tends to die out, as it will, unless 
it progresses, the protection diminishes or disappears. 

Much more might be said about other more or less decisive features of 
immunity; as, for instance, about periodic anergy, which undoubtedly 
exercises an important influence on the issue of events, yet which has 
never been studied experimentally in connection with immunity and 
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which has been lost sight of in all applications of allergo-immunology to 
tuberculosis in human beings. But I think I have said enough to indi- 
cate that the proposition, that the average human experience is a single 
early infection with tubercle bacilli is, to say the least, highly debatable. 

The whole matter of human infection must be subject to vastly more 
complexities than many have assumed. Manifold opportunities for it 
exist: this much is certain. Between crude sputum and milk and dust 
and consumptives and the articles these latter handle, that person must 
be rare who, moving in ordinary society, does not come in contact with 
tubercle bacilli—not once or occasionally, but frequently. There are, 
for instance, many habitations in our cities, where children, confined in 
one or two rooms with careless, phthisical parents, must for months 
ingest and inhale living tubercle bacilli almost continuously. There 
must be others, who fed with tuberculous milk, ingest enormous numbers 
of germs throughout a long period. They do this in sickness and in 
health—when allergy is high and when, as for example during other 
acute infections, it is low or absent. 

There must also be many whose contact with tubercle bacilli is quite 
transitory; not a few, whose initial infection is extremely slight. I can- 
not go into the matter of the complete healing of tuberculous lesions 
here, other than to say that they do disappear entirely, as the later devel- 
opments of tuberculous peritonitis have frequently disclosed, and as 
cattle inoculations have shown. And, until the contrary is definitely 
proved, we must assume—at least, we cannot deny—that many initial 
human infections which are comparatively slight are transitory, and 
that, upon their complete obliteration, immunity dies out or is so slight 
that the possessors are as open to reinfection as though they had never 
before come in contact with tubercle bacilli. 

Earlier in this address I tried to make plain that breakdown on the 
basis of old persisting infection comes very frequently into the practice 
of every physician. But, at the present moment, I cannot convince 
myself that this type includes all cases of manifest tuberculosis. In 
view of the immunological details which I have just mentioned and also 
because of the varying opportunities for infection that exist outside, I 
cannot help believing that the everyday life of man provides conditions 
that make for a not inconsiderable number of tuberculous reinfections 
from without, when the time and quantity of reinfection may be so 
ordered that, because of these, breakdown results. I do believe, there- 
fore, that, in this respect also, environment may play a decisive part 
in the development of disease. 
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But environment is not the only factor that hurries a man into tuber- 
culosis or wards it off. Inheritance must also play its part. The little 
that we know about specific immunity indicates that at some future 
time it will be found that a cumulative ancestral experience with active 
tuberculosis transmits increased resistance to the progeny. But, how 
much this more resistant tissue stock may be balanced by environ- 
mental relations such as greater opportunities for infection from phthis- 
ical familial associates and the poorer economic conditions that are the 
results of consumption in a family, is a question for argument and inves- 
tigation. 

There is not a little clinical evidence that such diseases (to mention 
only a few) as gout, epilepsy, migraine and cardio-renal-vascular insuf- 
ficiency arise on an inherited background. It has always been a by- 
word that longevity is inherited. Nervous irritability certainly is. And 
who knows but that nervous irritability, which at bottom must regulate 
cellular activity in general, will not ultimately be found markedly to 
influence the origin and development of infections? I am not here to 
discuss inheritance; and merely throw out these hints as matters to be 
thought of, and to emphasize what I said in the beginning—that a 
narrow view of the development of phthisis is unscientific and not 
justified by facts or probabilities. 
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Major General William C. Gorgas, M.C., G. S. Aw 
1854-1920 


At its last meeting, in 1920, in St. Louis, the Association honored 
itself by the unanimous election of General Gorgas to the Honorary a 
Vice-Presidency. The General belonged to us officially, as a director q 
since 1917, but as an Honorary Vice-President he was ours only a few 4 
months, for he passed away from his earthly labors on behalf of suffering 
mankind on July 4, 1920, the day set aside to commemorate the declara- | 
tion of our political independence. Many were the obituaries which * 
appeared at the time of the great General’s death, in all of which high a 
tributes were paid to his achievements. One of the most touching which ll 
it was the author’s privilege to read was by the General’s successor, 
Merritt W. Ireland, Surgeon General of the United States Army. 
William Crawford Gorgas, the son of General Josiah and Amelia 
(Gayle) Gorgas, was born in Mobile, Alabama, October 3, 1854. Gen- 
eral Ireland speaks of the parents and their son William in the following 
graceful terms: 


Ect} 


General Josiah Gorgas was Chief of Ordnance of the Confederate Army a 
during the Civil War and later president of the University of the South at a 
Sewanee, Tenn. His mother was Amelia Gayle, a famous beauty, daughter 
of the war governor of Alabama. In lineage and personality, the late Sur- 
geon General was a typical Southerner. He had what might be called the 
Alabama temperament, a pleasant, suave, affable manner and an attractive 
disposition, which, wherever he went, made him many friends. 


William C. Gorgas received his preliminary and classical education ' 
at the University of the South from which he graduated in 1875. He 
then entered Bellevue Hospital Medical College, receiving his degree : 
as M.D. in 1879, and subsequently served as interne there for two years. i 
He entered the army in 1880 and received a commission as first lieu- a 
tenant. As his first post he was sent to Fort Brown, Texas, and it was 


1 Honorary Vice-President of the National Tuberculosis Association in 1920. oe 
From the advance sheets of the History of the National Tuberculosis Association, by S. a 
Adolphus Knopf. 
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here that we may say he was fortunate enough to contract the yellow 
fever which rendered him immune for the great work he was to do later 
on. He was promoted to captain in 1885, and served during the Spanish 
American War as Major and Brigadier Surgeon of Volunteers. On 
July 6, 1898, he received his commission as Major in the regular army. 
At the close of the Spanish American War Major Gorgas was made Chief 
Sanitary officer of Havana, in which capacity he served from 1898 to 
1902. | 

General Gorgas’s achievements in the combat of yellow fever in Cuba 
and in the Panama Canal Zone are so well known and have been referred 
to so often in the obituaries and biographies published of him that we 
may content ourselves by merely quoting here the following impressive 
statements from General Ireland’s tribute: 


When de Lessep started his ill-fated venture at canal building in 1880, 
the French occupants found the Isthmus a death trap and during the nine 
years of occupancy they lost 22,819 laborers from the disease. At this time 
Panama was called “the White Man’s Grave.” When the United States 
took charge of the Canal in 1904, the death rate was as high as ever and a 
yellow fever epidemic was actually going on. In less than a year’s time, the 


disease was completely wiped out and there was not a single case since May, 
1906. 


For his work in Cuba Gorgas was made a Colonel and Assistant 
Surgeon General by special act of Congress in March, 1903. In 1907 
he was made a member of the Isthmus Canal Commission and as such 
he remained in charge of the sanitation of the Isthmus until the winter 
of 1913. 

In 1913, at the request of the British government, Gorgas went to 
South Africa to investigate conditions in the Rand mines where the 
natives were dying at a fearful rate from pneumonia, miners’ consump- 
tion, malarial fever, and tuberculosis. It was here that for the first 
time the General’s interest was centered publicly upon tuberculosis, 
although from personal conversations it is known to the author that 
he had always felt a profound interest in the combat of this disease. 
He had been a member of our Association for a number of years. Gen- 
eral Gorgas had indeed a deep insight into the primary causes of tuber- 
culosis as a disease of the masses, such as bad housing, underfeeding, 
over-work, etc., and did not hesitate to state publicly that our present 
taxation evils, grants and immunities represent an unjust social order 
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that is largely responsible for insufficient and unsanitary housing, and 
poverty and want in general. He was an ardent disciple of Henry 
George and firmly believed in the single tax system. 

Gorgas was an idealist, but an intensely practical one. In one of 
his most remarkable addresses entitled ‘Economic Causes of Disease,” 
delivered in Cincinnati, September 29, 1914, he said: 


While dwelling upon thoughts such as these (better housing, better food, 
and better clothing for the laborers in order to combat disease) I came across 
“Progress and Poverty.” I was greatly impressed by the theory and was soon 
convinced that the single tax would be the means of bringing about the sanitary 
conditions I so much desired, and was striving for. It was impressed upon 
me in a concrete form everywhere, in the United States, in the tropics and 
particularly in Panama, the great benefit that some such scheme of taxation 
would confer upon sanitation. 


The entire address, which to the men engaged in the combat of tuber- 
culosis has a deep significance, was published by Dr. Walter Mendelson 
of New York and endorsed by many of our leading sanitarians, medical 
teachers, sociologists and economists throughout the country. 

In South Africa, where General Gorgas had complete command of 
the situation, he at once inaugurated a campaign for the combat of 
pneumonia, tuberculosis, miners’ consumption, etc., based on the 
principles of rational hygiene and general human welfare, such as we 
apply in the prevention of tuberculosis—more air space’ for sleeping 
and living quarters, a pure water supply, a sewer system, the destruction 
of flies and mosquitos, and a better food supply. 

On January 16, 1914, Gorgas was appointed Surgeon General of the 
United States Army with the rank of Brigadier General and in 1915 
he was made Major General. During the summer and fall of 1916 he 
spent several months in South America, making a preliminary survey 
for the Rockefeller Foundation of localities still infested with yellow 
fever. 

With the entrance of the United States into the World War in 1917, 
General Gorgas fulfilled the duties of his high office in a remarkably 
efficient way. The subject of tuberculosis was of course of particular 
interest because so much work had to be done in order to safeguard our 
troops from contracting the disease, and it was given close attention. 
General Gorgas selected for this work the best talent among the military 
and civilian population. In the general history of our association and 
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in Colonel Bushnell’s biography the work done by the division of 
tuberculosis in the Surgeon General’s Office has already been referred 
to in detail. 

General Gorgas showed his farsighted interest in the tuberculosis 
problem of the army by appointing Colonel Bushnell to the task of 
looking after that disease. He saw that the Colonel was not interfered 
with by other officers and left him free to do exactly what he thought 
best, so that the responsibility for the course pursued was really Colonel 
Bushnell’s. It is one evidence of the greatness of General Gorgas that 
having selected the men whom he needed he left them alone, in the con- 
fidence that they would do the right thing and without the wish to add 
to his own renown by taking to himself any credit that might be acquired 
by the course pursued. 

In recognition of General Gorgas’s service to medical science and 
to humanity at large, many honors were conferred upon him: He was 
awarded the Distinguished Service Medal of the United States and 
was made Commander of the Legion of Honor of France. He was 
knighted by King George of England and decorated by King Albert 
of Belgium, as well as by rulers of other foreign countries. Honorary 
degrees were conferred on him by the University of Pennsylvania, Uni- 
versity of the South, Harvard, Brown, Alabama, Tulane, Johns Hopkins, 
Oxford, Lima, and other universities. His alma mater, now the New 
York University and Bellevue Hospital Medical College, conferred on 
him the degree of LL.D. in June, 1918, in the midst of the great war. 
A brilliant assembly gathered in the amphitheatre of the college to 
pay homage to their distinguished fellow alumnus. It was largely 
composed of physicians training for or already active in war work. 
At the conclusion of the ceremonies, the General made a gracious 
address, expressing his appreciation of the willingness of the Ameri- 
can medical profession to do its duty in the great war. He *con- 
gratulated those present on having the. great privilege to serve their 
country in an hour of greatest need, bidding them an affectionate God- 
speed. He concluded by saying that he hoped soon to see them all 
on their job. Many of those present he hoped to meet in France for 
which country he was about to sail with the Honorable Newton D. 
Baker, the Secretary of War. Besides the honors conferred on General 
Gorgas which have just been mentioned, he was awarded the Mary 
Kingsley medal from the Liverpool School of Tropical Medicine (1907), 
a gold medal of the American Museum of Safety (1914), and a special 
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medal from the American Medical Association (1914). Besides being 
President of the American Medical Association in 1909-1910, he was a 
member of the American Society of Tropical Medicine, American Public 
Health Association, and Association of Military Surgeons; Honorary 
Fellow of the New York Academy of Medicine, and of the College of 
Physicians of Philadelphia, and Associate Member of the Societe de 
pathologie exotique de Paris. 

After his retirement from active duty in the Army, during the year 
1919, General Gorgas was occupied with yellow fever investigations 
at Guayaquil and other South American foci, and in 1920 the question 
of exploring the African foci came up. General Gorgas reached London 
on his way to West Africa on May 19, apparently in the best of health, 
and after a short period of travel on the continent, during which time 
he was decorated by King Albert of Belgium, he returned to London 
on May 29th. On the following day he had a stroke of apoplexy from 
which he never fecovered. The funeral ceremonies in London and in 
Washington were conducted with the military and civil honors becoming 
his rank and his distinction. 

To characterize the man Gorgas, we may be permitted to quote again 
from General Ireland’s tribute: ‘‘Reticent and shy in public address, 
kindly, modest and unselfish in authority, patient and openminded, 
General Gorgas stands as one of the great figures in the application of 
science to the conquest of disease.’”’ To have known him intimately 
was indeed a privilege and his kindly face will never be forgotten by 
those who served with him, or under him, or came into personal contact 
with him socially. We are indebted to Mrs. Gorgas for the photograph 
of the General which she considers most excellent and the best ever taken 
of him. It was taken just before his retirement from the Army. 

With the passing away of General Gorgas the world has lost one of 
the greatest medical authorities of the American Army, a true benefactor 
of mankind, an ideal soldier, and a most lovableman. His achievements 
in preventive medicine have placed his name among the great immortals 


of the age. 
S. ADOLPHUS KNOPF. 
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STUDIES ON THE RELATION OF MINERAL DUSTS TO 
TUBERCULOSIS 


I. THE RELATIVELY EARLY LESIONS IN EXPERIMENTAL PNEUMO- 
KONIOSIS PRODUCED BY GRANITE INHALATION AND THEIR 
INFLUENCE ON PULMONARY TUBERCULOSIS 


LEROY U. GARDNER! 
From the Saranac Laboratory for the Study of Tuberculosis, Saranac Lake, New York 


In the spring of 1918, an experiment was started to demonstrate the 
effect of the inhalation of marble dust on pulmonary tuberculosis in 
guinea pigs. This work was undertaken in an attempt to ascertain 
whether calcium, introduced in large quantities into the lungs, would 
influence the course of a tuberculous infection. Later the work was 
extended to include comparative studies on other inorganic dusts. 

The present communication will deal with certain aspects of one of 
the latter group. As will be seen in the following brief review of the 
literature it is quite generally believed that the inhalation of siliceous 
dusts in various industries tends to increase the incidence of pulmonary 
tuberculosis to a very marked degree. In a recent statistical study 
among the granite workers in Vermont, Frederick L. Hoffman has stated 
that during the ten year period from 1906 to 1915 the death rate from 
pulmonary tuberculosis was 143 per 100,000, while the rate for the whole 
state, irrespective of occupation, during the same period was only 90.6 
per 100,000. In this same interval the death rate from this cause in 
Barre city, the centre of the granite industry, was 233.2 per 100,000. 
These and other statistical data have been compiled from a study of 
death certificates. Such sources of information are notoriously inac- 
curate. In the differentiation between advanced pulmonary tuberculosis 
with fibrosis and the lung sclerosis due to the inhalation of dust it is 
often necessary to resort to bacteriological examination and to the use 
of the X-ray. At the time these statistics were compiled such measures 
had not been used as routine procedures. It would seem best therefore, 
to refrain from accepting these statistics at their face value. 


1 Fellow of the Trudeau Foundation. 
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These experiments have been undertaken in an attempt to demon- 
strate experimentally whether there is a direct relationship between 
the pneumokoniosis induced by inhalation of granite dust and pulmonary 
tuberculosis. It is hoped that under properly controlled experimental 
conditions some light may be thrown upon the subject. 


The literature presents several classic studies on the changes produced 
in the lungs by the inhalation of dust of various kinds; and although it 4 
has been generally admitted that tuberculous infection occurs often q 
as a terminal event, the interest of most of the authors has been centered : 
on the pneumokoniosis and not on dust. as an etiological factor in the q 
production of pulmonary tuberculosis. From the point of view of | 
descriptive and experimental pathology three reports are of especial 
interest. The General Report of the Miners’ Phthisis Prevention Com- 
mittee of Johannesburg, South Africa, in 1915, gives a thoroughly 
scientific discussion of the human pathology both in pure pneumokoniosis 4 
and in those cases where tuberculous complication is superimposed. : 
Subsequent papers by Watkins-Pitchford (27), a member of this com- _ 
mittee, throw much light on the mechanism of the development of the a 
lesions. A report to the Secretary of State for the Home Department : 
on the health of Cornish miners by J. S. Haldane (8) and others has 
given rise to much valuable experimental work in England, and Collis’s 
(4) scholarly review of industrial pneumokonioses in the Milroy Lecture 
of 1915 contains much valuable data. In addition, much information 
on the general subject of lesions produced in the lung by the inhalation 
of various kinds of dust has been afforded by the studies of Arnold (1), : 
Mavrogordato (20), Klotz (12), Haythorn (10), and Cesa-Bianchi (2). 

All agree that siliceous dusts are injurious when inhaled over a con- 
siderable length of time. As to what the actual mechanism of this ' 
injury may be, opinions differ. Watkins-Pitchford (28) (29), and most 
of the observers preceeding him, attribute the injurious quality of a 
given dust to the mechanical irritation produced by sharp cutting 
particles. This irritant reacts upon connective tissue cells with resultant 
proliferation. He says: 


In pneumokonioses, the lymphatic channels are not dilated, for their obstruc- 1 
tion is not due to the plugging of their channels by foreign bodies—the chan- 7 
nels are obliterated by the hyperplasia and induration of the normally loose oa 
and delicate tissues through which they pass. This perilymphatic induration 
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is a local process due to the irritation of the connective tissue by foreign 
particles in its interstices; having once formed it tends to obliterate the lymph 
channels, and thus a far more extensive hyperplasia due to lymphatic obstruc- 
tion may be originated. 


Haythorn (10) describes the development of similar perilymphatic 
connective tissue proliferation in lungs long exposed to coal dust. Krause 
(16) would explain the increased susceptibility to tuberculous infection 
of a lung previously exposed to dust on an anatomic basis, that is, as 
due to a mechanical blocking of the lymphatics which provide means of 
exit from the lungs. Tubercle bacilli then entering such a lung cannot 
be eliminated as under normal conditions and they remain within the 
tissue, proliferate and produce widespread lesion. 

Haldane (9) believes that dusts are not injurious in proportion to the 
amount of crystalline silica which they contain, but that their noxious 
properties are due to inherent characteristics which cause them to remain 
within the lung for long periods. Remaining there, they stimulate the 
proliferation of connective tissue which restricts function. He believes 
that certain dusts possess the power to stimulate the phagocytes “to 
wander out with their load of dust particles.” All dusts are phagocyted 


within the lungs but only with certain kinds of dust do these phagocytes 
remove the irritant. This peculiar property of stimulation of the migra- 
_ tion of phagocytes he attributes to some undefined substance absorbed 
by the dust itself. He enquires: 


Why is coal or shale dust easily removed from the lungs, but not siliceous 
dust, and why is pure quartz so difficult to remove whereas the larger portion 
of quartz in shale is removed quite easily? If the danger were due to the 
mere hardness or sharpness, crystalline dust, even when mixed with other 
dust might be expected to be dangerous; yet quartz in shale and other hard 
dust are actually harmless in practice. The mechanical composition of .the 
stone does not seem to matter but a quality in the dust that does seem to 
matter is its power of absorbing other substances. Particles of coal dust and 
other insoluble carbonaceous matter possess this power to a high degree 
: but crystalline substances like quartz seem to have very little 
absorptive power. The particles of quartz are taken up by the dust collect- 
ing cells . . . . if enough of the juicy absorbent particles are also 
present they will stimulate the cells sufficiently and consequently the whole 
dust including the quartz will be removed. In this way it will be seen how a 
mixture of quartz with silicates, as in shale and the dust from many hard 
stones, causes no injury. 
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Cesa-Bianchi (2) has reported some rather pertinent experiments which 
would seem to establish a direct relationship between pulmonary tuber- 
culosis and dust exposure. He offers no explanation of the mechanism 
by which the process occurs but simply states that a point of lessened 
resistance to tubercle bacilli results in the lungs after exposure to dust 
of any kind. He has demonstrated to his own satisfaction that if 
guinea pigs are exposed daily for eight to ten weeks to inhalations of 
dust, siliceous or otherwise, their lungs become hypersusceptible to 
subcutaneous inoculation of tubercle bacilli of low virulence. Undusted 
controls, similarly inoculated, show little or no pulmonary involvement. 
Unfortunately the details of his experiment are very meager. 

In summarizing his lecture Collis (4) says: 


Silica dust then possesses certain qualities (1) physical, (a) such smallness 
as permits the particles to be carried into the alveoli, and (b) such hardness 
and angularity as suggest that the particles can act as centres of irritation: 
and (2) chemical, (a), acidity, which, owing to the presence of the element 
silicon, may render the particles capable of entering into and modifying the 
colloidal structure of protoplasm, and (b) smell, possibly due to a vapor, as 
yet undetermined when silica is fractured. Only further investigation can 
determine which it is that leads the pulmonary connective tissue to. prolif- 
erate, and whether the undoubted predisposition to pulmonary tuberculosis 
caused by inhaling silica dust is due to this proliferation. 


From this superficial review of the more prominent opfnions on the 
action of dusts in tissue it will be seen that further experimentation, 
even though it repeat work already done, is well justified. Our knowledge 
is built up step by step in small increments. If the present study can 
add one new observation, the apparent repetition of some of the older 
work is justified. 


The irritant. Examination of the granite dust received from Barre 
shows a fine powder generally white in color and containing relatively 
few black and grey glistening particles. When the dust is poured from 
one container to another a very fine cloud arises which remains suspended 
in the air for several seconds. This cloud is quite irritating to the nasal 
and pharyngeal mucous membranes and often produces coughing and 
sneezing if inhaled. 

When examined under the microscope the unscreened dust may be 
roughly divided into large and small particles. The former which could 
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not possibly be concerned in an inhalation experiment show an average 
size of 82 x 84u (ocular micrometer measurement). The smaller particles 
average 4.3 x 6.3 w with a minimum of 0.28 x 1.4 u, by actual measure- 
ment. There are also other more minute particles which could not 
be measured with the apparatus at hand. In shape the particles may 
vary greatly. Some are flattened polygonal masses with sharply cut 
edges and corners; others are rod-shaped, often slightly curved with 
sharply pointed or square-cut ends. There are also clumps of brown 
amorphous material to which adhere great numbers of minute glistening 
sharply cut dust particles. Frequent vegetable cells and fibres are 
noted. With polarized light most of the particles are doubly refractile 
although it is sometimes difficult to demonstrate this phenomenon in 
the smallest particles. 
Nelson Dale (3) of the U. S. Geological Survey gives the chemical 

analysis of ‘dark Barre granite” as follows: 

SiO, (silica) NaO, (soda) 

ALOs (alumina) K,0 (potash) 

Fe,0; (iron sesquioxide) : H,0 at 110° (water combined)... 0.31 


2FeO (iron oxide) ignition (water combined) .. 0.23 
MgO (magnesia)............. 0. PO; (phosphorus pentoxide)..... trace 


In attempting to demonstrate experimentally a relationship between 
pneumokoniosis and pulmonary tuberculosis, guinea pigs have been 
exposed to a given concentration of dust for varying lengths of time. 
They have been infected with tubercle bacilli at various intervals pre- 
ceding, during, and following this exposure. Control animals have 
been exposed to dust alone and another set of controls to tubercle 
bacilli alone. In order to reduce to a minimum the error from individual 
variation a large series of animals has been employed. Careful gross 
and microscopic studies have been made on each. 

In the present paper it is attempted to show: 

1. The effect on the development of pulmonary tubercles when dust 
inhalation is started at the time of infection. 

2. The effect of previously established pneumokoniosis in its early 
stages on subsequent infection with tubercle bacilli. 

2 The granite cutters complain that their “trouble” is due to the steel chips from the 
chisels and state that if a magnet be drawn through the dust from the floors a large amount 
of steel can be collected. On attempting the experiment, some small, and a few large par- 


ticles were found, but in no great amount. Microchemical tests on the lungs of animals 
inhaling the dust have failed to show the presence of any iron. 
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Experiments are in progress, attempting to demonstrate: 
1. Whether pneumokoniosis tends to favor or prevent the spread of 
pulmonary tuberculosis. 

2. Whether subsequent exposure to dust will light up a quiescent 
tuberculous lesion. 

Moreover a careful study of pneumokoniosis, exclusive of infection, 
has been made in an attempt to understand the mechanism by which 
dust enters the lung, its distribution and ultimate disposition, and the 
reaction on the part of the lung to this irritant. 


TECHNIQUE 


Dust exposure. After repeated attempts extending over nearly a year the 
present device (fig. 1) has been adopted as offering a satisfactory means of 
delivering a fairly constant volume of dust of sufficient concentration to a 
large number of animals at one time. The dusting machine consists of a 
box 6x 3x2 feet. The front is a removable glass window and the sides are 
hinged doors which facilitate cleaning and removal of the animals. In the inte- 
rior are two racks, one on either side of the machine, measuring 6x 2 x 1 feet, 
and each holding six pans (12 x 24 inches) placed one above the other, with a 
vertical space of 4 inches between each pan. The racks are covered by heavy 
wire netting. Each pan will accommodate three or four guinea pigs without 
overcrowding. Between the two racks is an air space 1 foot wide, 2 feet 
deep and 6 feet high. At the bottom of this central space is a dusting barrel 
arranged like a churn with the top removed. A water motor causes a paddle 
in the barrel to revolve and agitate the dust which rises to the top of the box 
in a moderately heavy cloud. The barrel needs filling only once a day as a 
large amount of the dust falls back into it to be used over and over again. 
The possible objection that those guinea pigs on the upper pans may receive 
less dust than those on the lower ones is met by daily reversing the position 
of the animals. Such a machine accommodates fifty animals. 

It has not yet been possible to measure the concentration of the dust with 
the devices employed in industrial investigations but it is hoped that in the 
near future this may be done. 

Guinea pigs have been employed in this research, owing to their relatively 
low cost and to the readiness with which they lend themselves to tuberculosis 
experimentation. They are not ideal animals for dust observations in that, 
being rodents, they are normally exposed to dust of various kinds. Experi- 
ence, however, enables the observer to differentiate the granite dustfrom other 
accidental varieties. 

After feeding in the morning the animals are placed in the machine and 
exposure is continued from six to eight hours daily with the exception of 
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Sundays. Experience has shown that prolonged exposure is necessary for the 
development of lesions due to granite dust and in consequence this treatment 
has been continued from two to seven months. Many of the pigs suffer no 
ill-effects, but there is a marked tendency for the animals to develop chronic 
organizing infectious bronchopneumonia, usually due to pneumococci. This 
is very annoying and necessitates again the use of a large number of animals. 

Infection. The animals are infected by inhalation with a moist spray, 
using a method devised by Dr. Baldwin. A bit of growth, 6-8 mm. in diam- 
eter, is removed from the edge of a two weeks’ glycerine broth culture. It is 
ground in a mortar with a very small amount of broth until a thick homo- 
geneous suspension results. This is taken up in 10 cc. of broth and centrifu- 
gated at low speed for five minutes. The supernatant fluid is placed in a 
DeVilbis vaporizer. The pig to be infected is held in a section of inner tire 
tube about 10 inches long, one end of which has been tapered and vulcanized 
to give an opening sufficiently large to allow the pig’s nose to protrude. An 
assistant holds the: pig in the tire tube with one hand and with the other he 
holds against the projecting nose of the animal a piece of glass tubing 1 x 6 
inches. The operator then places the nozzle of the vaporizer in the other end 
of the glass tube. Five puffs with the vaporizer given slowly are sufficient to 
infect the animal. The operation is of course carried out under a hood with 
a strong draught. When the spray is directed against a slide freshly smeared 
with albumin, from two to five single bacilli to an oil immersion field with 
occasional small clumps are seen. 

Strain of tubercle bacillus. In the experiment reported in this paper an 
organism known as R1 has been exclusively used. It has been under cultiva- 
tion for twenty-nine years. In guinea pigs local lesions at the site of inocu- 
lation, which do not spread except to adjacent lymphoid tissue and which 
tend to heal, are the rule. In the lungs following inhalation-infection, heal- 
ing takes place to such an extent that within a year’s time little or no trace 
of tubercles can be found microscopically. 

Treatment of tissue. In preparing the lungs for microscopic examination 
the methods of Miller have been exclusively used. After killing the animal 
with chloroform the trachea is exposed: two ligatures are loosely placed about 
the trachea; and the thorax is compressed to expel as much air as possible 
from the lungs. With the lungs still compressed the upper ligature is firmly 
tied just below the larynx. A large needle is inserted into the trachea directly 
below this ligature and with a syringe the fixative (usually Zenker’s fluid) is 
injected very slowly through the trachea into the lungs. The amount of 
fluid injected varies with the size of the animal but the proper degree of dis- 
tention can be determined by placing the hand over the thorax and noting its 
tension, Usually from 25 to 35 cc. can be injected without overdistending 
the lungs. The trachea is then securely tied by the second ligature placed 
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below the point of injection. After fixing the lungs the abdomen is opened, 
the diaphragm is cut away, and the ribs and sternum are removed from below. 
The trachea, heart, lungs and mediastinal tissues are removed en masse and 
placed in more of the fixative. Occasionally lungs are examined im situ 
before fixation. In this case, the fixative must be very slowly injected to 


avoid over distention. 
The pieces of tissue selected for microscopic examination are subjected to a 


partial vacuum while in alcohol to remove as much air as possible so that the 
processes of dehydration and imbedding may progress uniformly and rapidly. 
For thin sections paraffin imbedding has been employed, but for thick serial 
sections celloidin is preferable. Sections are stained by haemotoxylin and 
eosin, Mallory’s eosin and methylene blue and connective tissue stains, Ver- 
hoeff’s elastic tissue stain, and the Ziehl-Nielsen stain. ' 


DESCRIPTION OF LESIONS 


In animals exposed to dust alone no macroscopic lesions can be 
detected until about the seventh month. If at that time the unfixed 
lung tissue be carefully examined immediately after opening the thorax, 
a delicate green-brown tracery of dust deposit can be detected on the 
subpleural surface along the antero-inferior borders of the cephalic lobes. 
A few smaller similar deposits occur on the vertebral borders of the 
caudal lobes. This coloration quickly disappears on exposure to the 
air, probably because of coagulation changes in the tissues which render 
them opaque. Zenker fixation, of course, obscures this pigmentation. 

If infection by inhalation be superimposed upon the dusted lung, the 
resulting tubercles are more numerous and larger than those occurring 
in infection control animals. They are usually well distributed over the 
pleural surface of all the lobes. No macroscopic relationship between 
dust and tubercle can be established. 

Gross dust deposits have never been detected in regional lymph 
nodes nor is there any enlargement of these nodes in pure dust animals. 
The mucous membrane of the upper respiratory tract has never presented 
macroscopic lesions. 

Microscopic lesions are of more interest; but to appreciate their 
significance it is necessary to compare them with control animals, one 
series made to inhale dust alone and another, tubercle bacilli alone. 
The lesions are therefore summarized under the following heads: 

1. Pure dust changes 

2. Pure inhalation pulmonary tuberculosis 

3. Changes due to the combined inhalation of dust and tubercle bacilli 
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1. Pure dust changes. After about three weeks’ exposure small 
amounts of dust may be found, enclosed in mononuclear intradlveolar 
cells, which often show mitotic figures. These cells are scattered every- 
where in the alveoli from the pleura to the hilum. A very small amount 
of dust is caught in ciliated epithelium of the trachea and bronchi. 
At about two months some of these intraalveolar dust cells have begun 
to mobilize and have formed considerable collections, often so closely 
packed as to simulate giant cells. These cell masses lie in the alveoli 
along the course of the ductuli alveolares and about and within the small 
lymphoid collections occurring in the periphery of the lung. As Miller 
(21) (23) has shown, such collections occur at the distal ends of the 
ductuli alveolares and at the division points of vessels. Large collections 
of dust cells also occur about the proximal sides of alveoli adjacent to 
more immobile structures like vessels and bronchioles. Smaller deposits 
are often seen in subpleural alveoli. A very slight amount of connective 
tissue proliferation may occur in adjacent alveolar walls. Dust has 
already passed through the lung and lodged in small amounts in the 
tracheobronchial lymph nodes. 

From three to seven months the same process continues with a steady 
increase in the amount of dust deposit. The invasion of lymphoid tissue 
of the lung is more extensive and the larger nodules located at the bifur- 
cation of the bronchioles and bronchi become involved. All of the 
lymphoid tissue of the lung becomes very active and mitotic figures 
are very common even in the normally small peripheral collections. 
Occasionally a dust cell is noted in transit lying within a dilated peri- 
bronchial or perivascular lymphatic. There is only slight local pro- 
liferation of connective tissue in alveolar walls and no nodule formation 
occurs. The medullary sinuses of the tracheobronchial lymph nodes 
contain intracellular dust deposits, but these do not involve the tracheal 
nodes located just below the larynx. No dust has ever been found in 
the liver or spleen. Occasional small deposits occur in the intestinal 
content but none has been seen in mesenteric lymph nodes. 

If the animal be set aside after dust exposure the lung makes rapid 
and effective efforts to rid itself of the irritant. The clearing process 
has been observed only up to three months in animals dusted for seven 
months previously; at that time practically all the dust is collected within 
large aggregations of round or oval mononuclear cells which lie in the 
immediate vicinity of much enlarged lymph nodules. Heavy deposits 
occur within such nodules and within the tracheobronchial lymph nodes. 
Some dust still remains within alveoli along the ductuli alveolares. 
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2. Pure inhalation pulmonary tuberculosis excited by the R1 Strain. 
At three weeks there are large proliferative subpleural tubercles with 
well-defined caseous centers, the whole being capped on the pleural 
surface with young granulation tissue. In the midzonal region of the 
lung are many proliferative masses within alveoli, located usually about 
ductuli alveolares. They are composed of groups of cells with long 
pseudopodial processes, and often show mitosis in individual members 
of the mass or plaque. Tubercle bacilli have not been found in such 
plaques. The tracheobronchial glands are already involved by pro- 
liferative tubercle which frequently shows early caseation. 

At two months the subpleural tubercles have become somewhat 
smaller and have a shrunken appearance. The area of caseation appears 
coarsely granular and the proliferative zone is composed of loose fibrous 
connective tissue with a diffuse lymphocytic infiltration. The midzonal 
intraailveolar proliferative masses have become larger, fibrosis of the 
adjacent alveolar walls is in progress, and in some instances caseous 
tubercles have formed in these areas. The small peripheral lymph 
nodules are enlarged and often contain early proliferative tubercle. 

At three to four months the subpleural tubercles are being invaded 
by phagocytes of both polymorphonuclear and mononuclear types. 
At the periphery the outlines of alveoli become visible although still 
much thickened by fibrous tissue and lymphocytic infiltration. In 
some instances the capillary of the wall is discernible. Some of these 
peripheral alveolar walls show very marked regeneration of the lining 
epithelium, with cells large and swollen often presenting frequent mitotic 
figures. Other alveoli are lined with cuboidal epithelium. A much 
enlarged active lymph nodule often lies just beneath such a healing 
tubercle. 

At six to seven months all that remains of these subpleural tubercles 
is a focus of alveoli with somewhat thickened walls lined by cuboidal 
epithelium. The usual’ underlying lymph nodule shows no evidence 
of tubercle but is still large with frequent mitoses. The proliferative 
foci in the midzonal region have in the meantime been undergoing the 
same change. Some have gone on to the formation of caseous tubercle 
and are then being resorbed, or in other instances the process does not 
advance this far and the cell plaques are invaded and removed by 
phagocytes. 

The tracheobronchial lymph nodes show a more progressive type of 
involvement due to the greater number of bacilli which have been con- 
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centrated at this one small focus. Lesion here may persist for two or 
three years, and perhaps longer. 

The above outlined progress of the disease produced in guinea pigs 
by the inhalation of Ri is not always constant in that it may take a 
longer or a shorter time for the various stages to occur. For instance, 
in some series subpleural tubercles may persist at five or six months. 
But in this particular series of animals infected with this given dose of 
R1 the sequence was as described. The important fact remains incon- 
troverted that such lesions can and do heal with a complete restoration 
of normal structure and apparent resumption of function. 


3. Changes due to the combined inhalation of dust and tubercle bacillt. 
The character of the lesion varies with the relative time at which the 
lung is exposed to the action of these two irritants. In consequence 
they will be summarized under three heads: 

1. Dust inhalation coincident with infection 

2. Dust inhalation during the course of a previously established 
infection 
3. Infections of the previously dusted lung 


1. Coincident dust and infection. Tubercle formation occurs in the 
same locations as in lungs exposed to infection alone but the lesions are 
more numerous, much larger and show less tendency to regular zonal 
arrangement. ‘The relative amount of caseation is little different from 
that in the infection controls. Proliferation of cells of all types, but 
especially of fibroblasts, occurs early and reaches a degree of development 
far in excess of that in simple tubercles. In consequence of this over- 
stimulation of fibroblasts in and about these tubercles the lesions persist 
for a much longer time. At seven months the oldest combined lesions 
yet studied, the subpleural tubercles, were only beginning to decrease 
in size while those of the midzonal region were still at the zenith of their 
activity, a stage corresponding to that seen at two months in the infec- 
tion controls. Some of the dust is distributed as in the infection controls 
within phagocytic cells at the points of exit from the lung where these 
have not been involved by tubercle. Scattered deposits also occur in 
the other locations noted, that is, along vessels and bronchioles, and 
beneath the pleura. The largest portion, however, is collected in and 
about tubercles and is contained in aggregations of separate cells so 
closely packed as to suggest giant cells. Such cell masses, heavily laden 
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with dust, are found in the alveoli surrounding the tubercles. The 
walls of these alveoli have undergone fibrous thickening and show heavy 
lymphoid infiltration, the whole giving a very irregular outline to the 
lesion. There is also considerable dust contained:in mononuclear cells 
which lie within the proliferative zone of the tubercle itself, and small 
amounts are sometimes seen within the caseous centre. 

It would seem that since so much dust is held in and about tubercles, 
very little enters the lymphoid tissue and it is not until about the third 
month, one month later than in the dust controls, that even small 
deposits can be found in pulmonary lymphoid tissue. Not until the 
sixth and seventh month is any large quantity mobilized when it is found 
both within the pulmonary lymphoid tissue and within the tracheo- 
bronchial lymph nodes. Moreover, if the animal is allowed to live for 
some time after the cessation of dust exposure, the dust tends to collect 
in greater quantities about tubercles than in lymphoid tissue. It will 
be remembered that in dust controls cessation of dust exposure before 
death allowed the lungs to rid themselves of the dust quite effectively. 

A new type of lesion is encountered where both irritants are acting 
simultaneously upon the lung. This is a nodular fibrous focus located 
in the subpleural and midzonal regions. It is composed of rather dense 
connective tissue enclosing alveolar spaces lined by cuboidal epithelium 
and also occasional blood vessels and lymphatics distended with lympho- 
cytes. Dust is found in cell plaques lying within the enclosed alveolar 
spaces and to a lesser degree within phagocytes lying between the con- 
nective tissue cells. No trace of caseation has been found and tubercle 
bacilli have never been seen although they are very numerous in nearby 
caseous tubercles. . It seems likely that such nodules are early focal 
fibroses occurring at the site of the small peripheral collections of lym- 
phoid tissue. 


2. Infection during the course of dust exposure. In this experiment 
animals were exposed to dust for three months and then infected by 
inhalation of Ri. The dust was discontinued and the animals were 
allowed to live two months and eleven days. ‘The results in these 
animals differ from those in the preceding group (coincident exposure) 
in that the tubercles here are even larger and show greater connective 
tissue proliferation. Caseous lesion is found in the tracheobronchial 
nodes. 
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If the dust exposure be continued throughout the course of life after 
infection the only difference noted is a heavier deposit about the tuber- 
cles. Some of the dust escapes through the lymphatics. 


3. Infection superimposed upon a previously dusted lung. These experi- 
ments were entirely unsatisfactory, for the animals were exposed to 
dust so long after infection (ten months to two years) that all traces of 
tubercle had disappeared. They reacted to dust in every respect as 
normal animals. A repetition of this experiment is contemplated using 
animals whose infection may be presumed to be in the early stages of 
resorption in an attempt to obtain a recrudescence of the lesion. 


DISCUSSION 


Many observers have recommended the polarizing microscope for 
the detection of siliceous dusts in tissue. In this work it has proved 
unsatisfactory as a means of identifying particles which could not be 
seen by ordinary lighting. In the early stages when individual cells 
contain one or two particles which are visible only with an oil immersion 
lens the polariscope has proved untrustworthy unless the particle in 
question is well separated from the surrounding structures.. The up- 
turned edges of red blood corpuscles show very strong doubly refractile 
powers and are apt to be misleading. In a pneumonic lung with transu- 
dation and phagocytosis of erythrocytes the microscopic field is ablaze 
with doubly refractile particles. Of course where masses of cells dis- 
tended with crystalline silica lie free in an alveolus or within lymphoid 
tissue beautiful pictures are obtained, but for the detection of isolated 
particles this method has proved unsafe. 

It is with considerable hesitancy that the question of the intraalveolar 
phagocyte is introduced. Although the subject is timeworn and al- 
though the interpretation of microscopic findings must depend so much 
upon the personal experience of the observer, yet such beautiful examples 
of intraailveolar phagocytosis are found in such an experiment that it 
is necessary to touch upon the subject in brief. 

Consider the physiology of the condition: There is a sudden demand 
for a great number of phagocytic cells to remove an enormous number 
of minute foreign bodies which are poured into the alveoli without 
warning. Given such a demand, it is to be expected that the cells whose 
duty it will be to remove such foreign bodies will show increased activity. 
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As such a demand is far in excess of the ordinary, one of two things must 
occur, either circulating cells will be mobilized from distant organs or 
there will be local proliferation of some type or types of cell. A study 
of lungs during the early stages of dust inhalation would indicate that 
the organism is attempting to meet this demand by the latter method, 
that is, local proliferation within the lung itself. Within the blood 
and lymph vascular systems are very many cells in mitosis, often three 
or four to a single oil immersion field. The capillaries are so small and 
the cells are so much enlarged during division that they fill the whole 
lumen and in consequence it has not yet been possible to definitely assert 
whether such cells in division are lining endothelium or whether they 
are circulating cells. At any rate here are cells showing great activity 
and it would seem probable that they are the progenitors of the intra- 
alveolar phagocyte. In support of the circulating cell origin is the work 
of McJunkin (24) who has shown that the so called “transitional cell” 
of the blood may be phagocytic im vitro. He (25) has also shown that 
the number of such cells may be increased in certain chronic infections. 
Although he is not yet certain that such cells are always the result of 
local proliferation in the organ where they are needed, he believes that 
they originate in endothelium. 

In the present investigation a somewhat superficial study of the liver, 
spleen, bone-marrow, and lymph nodes has failed to-reveal any evidence 
as to their possible origin. True, the lymph nodes.are hyperactive but 
it has seemed that this activity occurs in lymphoblasts which are giving 
rise to lymphocytes. These cells are certainly not phagocytic. Now 
consider the fixed cells of the organ, the only activity seen is within the 
blood and lymph vascular systems. The classic studies of Mallory 
(16) have repeatedly shown that other organs when subjected to rela- 
tively mild stimulation present marked proliferative changes in the 
endothelium of the smaller vessels. These cells undergo division, the 
daughter cells migrate through the vessel walls and enter the surrounding 
tissues, where they show further division figures, and then become 
phagocytic. This process is beautifully illustrated in his recent studies 
on the early skin lesions of measles. Foot (5) (6) has brought vital 
staining methods to bear upon the problem and has likewise concluded 
that the cell in question is of vascular endothelial origin. 

Others studying similar material have reached different conclusions. 
Without in any way attempting to review the enormous literature, a 
few of these suggested origins may be mentioned. ‘Tchistovitch (27) 
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in dust inhalation experiments carried out on very young animals con- 
cluded that such cells were of lymphoid origin; and also Miller (23), 
after a study of a rat caught in a coal bunker, has stated that such 
cells strongly resemble the lymphoid series, especially in nuclear char- 
acteristics. Arnold (1) believed that some of these phagocytes were 
derived from lymphoid cells and that others arose from alveolar epithe- 
lium. Haldane (8), Watkins-Pitchford (28), and others consider all 
alveolar phagocytes to be of epithelial origin. 

A study of nearly one hundred dusted animals has failed to reveal the 
presence of a mitotic figure within alveolar epithelium during the stage 
of phagocyte formation. Moreover no trace of dust has been found 
within an attached alveolar epithelial cell. One of Miller’s great con- 
tributions to our understanding of pulmonary anatomy has been the 
distention method of fixation. By its use it is possible to determine 
with a considerable degree of accuracy the relation of one structure or 
cell to another. If a collapsed or undistended lung be examined it 
seems indisputable that dust particles are lying within attached epi- 
thelial cells. If, however, the lung be fixed by the distention method 
the dust cells, although they may be near the wall, will always be super- 
imposed upon the epithelium or lying at a little distance from the wall. 
It would seem that the employment of this technical procedure has 
enabled us to eliminate one of the proposed sources for the intraalveolar 
phagocyte. 

No definite conclusions on this disputed question are possible at this 
time. The evidence would seem to have reduced the question of the 
origin of the alveolar phagocyte to a consideration of the local vascular 
endothelium in the lung and to studies on the transitional cell of the 
circulating blood. Further work is in progress. 

These experiments offer further corroboration, if such be needed, 
of Miller’s (23) explanation of the removal of inhaled foreign par- 
ticles from the lung. Traced from week to week, and especially well 
shown in animals allowed to live some time after discontinuing the dust 
exposures, the course of these dust cells on their way out of the lung is 
quite evident. Gathered from the whole lung, they slowly collect in 
those alveoli along the course of the ductuli alveolares; gradually they 
move toward the lymphoid tissue at the distal end; and one by one the 
dust cells enter this first outpost of the drainage apparatus. The 
lymphoid tissue undergoes active hypertrophy and increases in size. A 
similar mobilization later occurs to the larger lymph nodules at the 
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bifurcation of the bronchioles and bronchi. Once within the lymphatic 
system, the dust is readily carried to the tracheobronchial lymph nodes. 
To generalize, the first mobilization is within the air spaces themselves; 
through these it is carried to the nearest lymphoid tissue. By way 
of these collections it gains access to the closed lymphatic vascular 
system which drains the lung, and through these vessels it is removed 
from the organ. 

Such changes have been observed in animals exposed to granite dust 
for seven months. What may follow later remains to be demonstrated. 
Watkins-Pitchford (28) Haythorn (10), and others have stressed the 
choking of lymphatics by fibrous tissue, which surrounds and compresses 
these minute drainage paths. When such a change has occurred it is 
obvious that a vicious circle will be set in motion for the irritant can no 
longer be removed and a progressive fibrous lesion is the logical sequence. 
It is after such changes have occurred that, theoretically, the lung may 
be expected to show unusual reaction to the tubercle bacillus, both at 
the site of primary infection and in the ultimate distribution of lesions 
throughout the body. 

The R1 strain of tubercle bacillus has been selected for infection of 
the animals, for clinical experience has shown that lesions due to granite 
dust are slow to develop and it is undesirable that the animals should 
die of infection before the dust has had opportunity to exert its full 
effect. In the words of Krause (13): “We have always looked upon 
R1 infected animals as affected with a self-limited, healing tuberculosis 
and more or less comparable to those human beings who are infected 
but whose infection shows no tendency to progress.” 

The course of the disease has been clearly demonstrated in the descrip- 
tion of the lesions. It may be well to emphasize again, however, the 
fact that animals inoculated by the inhalation of this organism show a 
typical pulmonary tuberculosis such as we are accustomed to see in 
animals infected with other strains of tubercle bacilli. But instead of 
leading to the death of the animal recovery takes place and the lung 
is restored to function. 

As before stated the experiments here reported deal only with the 
early changes encountered when animals are exposed to the influence 
of both dust and tubercle bacilli. It has been shown that when a guinea 
pig is infected by inhalation of the R1 strain of tubercle bacillus and is 
then exposed to granite dust during the course of the resultant infection, 
a definite alteration in the progress of this infection takes place. We 
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are dealing here with two foreign bodies introduced simultaneously into 
the air spaces of the lung. One is organic, capable of reproducing in 
kind, an agent which at first sets up changes, progressive and destructive; 
but after an interval varying from two to five months the process becomes 
regressive and ultimately disappears. The other irritant is inorganic 
and is only injurious to the lung when it has accumulated in very large 
amounts. It acts very slowly within the alveoli, for, as has been shown, 
guinea pigs may be exposed daily to rather heavy concentrations of such 
dust over a period of seven months, without serious damage to the lung 
tissue. Both irritants enter and leave the lung by the same path. 

In the process of removal they are both collected in considerable 
quantities at certain definite locations, that is, about the smaller col- 
lections ‘of lymphoid tissue in the peripheral third of the lung. The 
dust remains passive but the tubercle bacilli undergo further prolifera- 
ation. By this process of concentration of both irritants within a small 
area injury is done the tissues at this point and lesion follows. As the 
result of these two influences, one of which tends to produce proliferation 
and the other of which tends to produce degeneration, a lesion arises 
which differs from both pure tubercle and from changes produced by 
dust alone. The proliferative-connective tissue reaction on the part 
of the lung is overstimulated by the dust and in consequence the tubercle 
shows an alteration in structure. It loses its characteristic zonal arrange- 
ment: connective tissue proliferation begins early, progresses further 
than in the simple tubercle, and tends to involve the adjoining alveolar 
walls. Instead of a compact sharply circumscribed tubercle there 
results a central solid mass with heavy radiating peripheral processes. 
Lymphoid infiltration is likewise not confined to the periphery of the 
lesion but is found irregularly spreading from the very edge of the 
caseous centre to the thickened walls of adjacent alveoli. Caseation 
is not apparently influenced. 

This early and progressive fibrosis tends to retard the healing of the 
process so that large caseous tubercles in the dusted lung may persist 
for seven months and longer while in the undusted animal practically 
all traces of tubercle will have disappeared at this time. 

As to the removal of these two irritants from the lung where each 
starts coincidently, the tubercle bacillus passes very early to the tracheo- 
bronchial lymph nodes and there sets up a readily detectable lesion. 
This is, of course, due to a further concentration of many living 
irritants, capable of rapid multiplication. The dust, however, is not 
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’ go readily detected and it has not the active power of multiplication. 
In dust control animals it is found at this location during the second 
month, but in those animals in which infection is also present none can 
be seen until the third month and it is not until the sixth or seventh 
month that any considerable amount can be detected. Whether this 
is due to the fact that the dust is obscured by the reaction to large 
numbers of tubercle bacilli or whether dust is actually retained in the 
lung by the tubercles at the points of exit, is problematical. However, 
careful study of the lesion, both in the lung and the lymph nodes, to- 
gether with a comparison with the dust controls would seem to indicate 
that a large amount of dust is actually retained within the lung and that 
its removal is prevented by tubercles at the points of exit. 

Although observations have been made only upon lungs previously 
dusted for a short period (three months) yet it may be positively asserted 
that the tubercles occurring in the lungs of such animals are larger and 
show more fibrosis than those in which the dust and infection are coin- 
cident. If the exposure to dust is discontinued after infection the pro- 
cess would probably undergo a slow absorption although all the animals 
of this series were killed at the height of the tubercle reaction. If the 
dust be continued after infection, fresh increments producing prolifera- 
tive changes are gathered at the periphery of the tubercle. In each 
instance both tubercle bacilli and dust in small amounts still reach the 
tracheobronchial lymph nodes. 

Thus it would seem that these two irritants, the tubercle bacillus 
and granite dust, acting together are capable in a short time of setting 
in motion a series of reactions on the part of the lung which neither alone 
is capable of initiating. By concentration of both in small foci each 
reinforces the action of the other, resulting in a chronic lesion which is 
slow to heal. 

Whether the tubercle bacillus, acting not by its immediate presence 
but through some more remote mechanism, can aid the dust in stimu- 
lating the proliferation of fibroblasts is still uncertain. But it is tempt- 
ing to surmise that the fibrous lesions, located probably in the position 
of small lymphoid collections, are of such origin. They bear only super- 
ficial resemblance to tubercles; they apparently contain no tubercle 
bacilli; and they are not found in dust controls at this stage. May 
they not be the “nodular fibroses” which are described in the later stages 
of pneumokoniosis which are thus early in the process of formation due 
to the combined action of the two irritants? 
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And what mechanism underlies this reénforcement of one irritant by 
the other? Undoubtedly Krause (16) is correct in his mechanical 
theory where dust exposure has continued for a long time previous to 
infection. But this study has shown that while fibrous changes are 
very slow to develop in animals exposed to dust alone, yet if infection 
be superimposed upon a very short preliminary dusting, an over abun- 
dance of fibrous tissue results and the course of the tuberculosis is ED 
materially changed. It must be evident that no “mechanical blocking i 
of lymphatics” can have occurred to initiate a vicious circle at this early 
stage. Apparently this is not the whole story. 

Nor does Haldane’s (9) explanation seem to satisfy the equation. i 
On the one side we have direct experimental proof that this dust is 
removed from the lungs, so that it probably contains those “juicy | 
absorbent particles’ which stimulate the migration of dust cells. On 
the other hand we have the clinical experience and the mortality statistics 
from Vermont which would tend to indicate the workers in this dust are ; 
prone to fibrosis of the lungs and perhaps to tuberculosis. 

The third view, that of Cesa-Bianchi (2), who uses the term /ocus 
minoris resistentiae to “explain” the condition, is also of little help at 
the present time. : 

It would seem that some light might be thrown upon this unanswered 
question by studying the reaction of avascular scar tissue to tubercle . 
bacilli. Such experiments are in process as well as a repetition of Cesa- i? 
Bianchi’s experiments. 

The only explanation which seems possible at this time is that already a 
suggested; namely, that large amounts of each irritant seeking exit - & 
from the lung are brought together at a common focus; that the tubercle 4 
bacillus initiates not only a degenerative, but also a proliferative, fibrous : 
reaction; and that the latter is enhanced by the granite dust which is dl 
in itself capable of stimulating a like change. Acting alone granite q 
dust requires a much longer period for this reaction to occur but in the 
presence of the tubercle bacillus the reaction is greatly stimulated. 


CONCLUSION 


Under the conditions of this experiment where the R1 strain of tubercle 
bacillus has been used to infect guinea pigs by the inhalation method, 
coincidently and previously exposed to granite dust of a given con- 
centration, it may be concluded: 
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1. That the occurrence of tubercles is more frequent in the dusted 


than in the undusted lung. 
2. That such lesions tend to run a more prolonged course than those 


in animals not exposed to dust. 
3. That the spread of the tuberculous pron to the regional lymph 


nodes is not prevented. 


My sincere acknowledgment and thanks are due to Dr. E. R. Baldwin for his aid in 
planning these experiments and many helpful suggestions. My acknowledgments are also 
due to Mr. James V. Luttrell who has perfected the dusting device now in use, and also to Mr. 
George C. Hulpritt for his careful preparation of the large number of sections necessitated 
by this experiment. 
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AN ATTEMPT TO PRODUCE EXPERIMENTAL TUBERCU- 
LOUS PLEURAL EFFUSIONS AND EMPYEMAS 
IN RABBITS 


H. J. CORPER anp O. B. RENSCH 
Research Department, National Jewish Hospital for Consumptives, Denver, Colorado 


Tuberculous effusions and empyemas would well lend themselves to 
therapeusis provided it were possible to experimentally test out the 
proposed methods of treatment in a well-controlled manner. It is 
impossible to carry out such experiments on man, and in experimental 
animals where controls usually may be obtained there is available no 
method which can be relied upon to produce a replica of the condition 
found in man. Encouraging experiments were performed in 1917 by 
Paterson (1) on guinea pigs in which it was found that normal animals, 
given intrapleural inoculations of tubercle bacilli, developed no noticeable 
pleural reaction, while such injections in tuberculous guinea pigs resulted 
in the exudation of serum, leucocytes, red blood cells and fibrin. Pater- 
son concluded from these experiments that clinical pleural effusions are 
caused by the infection of an allergic pleura. These experiments seemed 
to be based on a good firm foundation since the difference between the 


_ reaction of a normal and a tuberculous animal to the injection of tubercle 


bacilli had been noted early by Koch (2) and within recent years these 
differences were corroborated by Trudeau (3) and Krause (4) for the 
lungs, Soper (5) for the liver, and Rémer and Joseph (6) and Corper 
(7) for the skin. Unfortunately, however, the guinea pig of the com- 
mon available laboratory animals is too small for satisfactory experi- 
mentation, while the dog has a weak mediastinum so that gases or 
liquids injected on one side frequently pass to the other side producing 
a double pleural condition. For the experiments to be reported the 
rabbit was taken as the animal of choice, since it is of fair size and 
possesses a strong mediastinal veil, although reacting slightly differ- 
ently from the guinea pig to infection, especially with human tubercle 
bacilli. In the latter respect, however, it seems to possess certain advan- 
tages over the guinea pig, in view of the fact that the human tubercle" 
bacillus even if highly virulent for the guinea pig only produced a local 
756 
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disease in the rabbit and, therefore, the same culture could be used both 
for preliminary sensitization and final intrapleural infection. Paterson 
used two different cultures of human tubercle bacilli (strain R1, slightly 
virulent, producing only local disease in the guinea pig, for sensitizing; 
and three weeks or more later strain H 37, highly virulent, intrapleurally) 
throughout his entire experiments. 

The main purpose of this investigation when initiated was not to 
determine the factors instrumental in the production of tuberculous 
pleural effusions or empyemas but to develop a method suitable for 
uniformly producing these conditions available for studying the effects 
of various therapeutic procedures. 

The following experiments were performed in duplicate sets, each 
set consisting of 21 rabbits, full grown Flemish hares, weighing from 7 
to 10 pounds each. Seven of these served as controls, receiving no 
sensitizing injection of tubercle bacilli; seven received a subcutaneous 
injection of 1 mgm. of virulent human tubercle bacilli No. 1851; while 
the remaining seven were sensitized by the intravenous injection of 
0.2 mgm. of culture no. 1851, resulting in a pulmonary miliary infection. 
The latter set was chosen because this seemed more nearly to approxi- 
mate the condition in man, in whom an effusion or empyema is usually 
associated with some pulmonary disease. One month after the sensi- 
tizing injection, an interval allowing good primary tubercle develop- 
ment which seems to be essential for a good secondary reaction, the 
entire set was given an intrapleural injection of 50 cc. of 7 per cent saline 
acacia,! containing about 3 mgm. of a good uniform suspension (8) 
of the same culture of virulent human tubercle bacilli, no. 1851, used 
for sensitizing. The rabbits were killed in groups of three, including 
one control, one subcutaneously sensitized and one intravenously sensi- 
tized, four days, eight days, two weeks, three weeks and four weeks 
after the final intrapleural injection. Some of the animals died of 
snuffles during this time; but these are not included in the series, since 
snuffles usually complicates the findings to such an extent that the data 
are valueless, and for this reason only animals that appeared healthy 
and were free from intercurrent disease when killed are recorded. 


1 The saline acacia was prepared by making a 7 per cent solution of gum acacia in 0.9 
per cent sodium chloride solution and sterilizing it by autoclaving. See Bayliss, W. M.: 
Jour. Pharmacol, & Exper. Therap., 1920, xv, 29. 
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EXPERIMENTAL DATA 


Findings four days after the intrapleural injection of tubercle bacilli: 

Control. rabbit, N. 1.2. There are 3 cc. of clear yellow fluid in the right 
pleural cavity and 1 cc. in the left. The tubercle bacilli are found clumped at 
the apex of the right lung anteriorly and on the parietal pleura posterior to 
the sternum. 

Subcutaneously sensitized, S. 1. There are 4 cc. of clear yellow fluid in 
the right pleural cavity and none in the left. The tubercle bacilli are found 
in clumps at the apex of the right lung and on the parietal pleura and medi- 
astinum. There are a few very small tubercles in both lungs. The local 
primarly lesion in the left abdominal wall is about 1.5 cm. in diameter. 

Intravenously sensitized, I. 1. There is no fluid in either pleural cavity 
and large miliary tubercles are found throughout both lungs. The tubercle 
bacilli injected intrapleurally are found in clumps anteriorly at the apex, on 
the mediastinum, the sternal parietal pleura and in the interlobar fissure. 

Findings eight days after the intrapleural injection of tubercle bacilli: 

Control rabbit, N.2. No fluid is found in either pleural cavity. Tubercle 
bacilli in clumps are present about the hilum of the right lung and on the 
posterior surface of the sternum; otherwise the animal is negative. 

Subcutaneously sensitized, S.2. No fluid is found in either pleural cavity. 
Tubercle bacilli are present in clumps anteriorly toward the apex, around the 
hilum of the right lung, and on the sternal surface of the parietal pleura. At 
the local primary site of injection there is a caseous nodule about 1.2 cm. in 
diameter. The remaining findings are negative. 

Intravenously sensitized, I. 2. No fluid is found in either pleural cavity. 
Tubercle bacilli are present in clumps anteriorly on the parietal pleura on the 
right side. There are adhesions at the apex of the right lung. Both lungs 
are full of large miliary tubercles. 

Findings two weeks after the intrapleural injection of tubercle bacilli: 

Control rabbit, N. 3. No fluid is found in either pleural cavity. The 
tubercles are massed around the apex, along the posterior sternum on the 
right side and at the base of the heart, otherwise the animal is negative. © 

Subcutaneously sensitized, S. 3. No fluid was found in either pleural 
cavity. The tubercles are located around the hilum, on the anterior surface 
of the right lung, and on the posterior surface of the sternum. There are a 
few adhesions at the apex. At the local primary site of injection a caseous 
nodule about 2 cm. in diameter is found. A few tubercles were found in the 
lungs. The remaining findings are negative. 


2 These animal number notations are arbitrary and are merely given for simplifying 
the recording of these experiments, not being the original experimental numbers of the 
animals, 


i 
t 
758 
{ira 
re 
% 
| 
ihe 
ig 
Pitt 
srt 
ay 
x 
bay 


TUBERCULOUS PLEURAL EFFUSIONS IN RABBITS 759 


Intravenously sensitized, I. 3. No fluid is present in either pleural cavity. 
There are large miliary tubercles throughout both lungs, and clusters of 
tubercles on the right posterior surface of the sternum and at the anterior 
part of the right apex. The pleural surfaces otherwise are smooth and 
glistening. 

Findings three weeks after the intrapleural injection of tubercle bacilli: 

Control Rabbit, N. 4. No fluid is present in either pleural cavity. The 
tubercles are clustered on the posterior right sternal suface and on the anterior 
margins of the right jung. There is also a cluster of tubercles on the parietal 
pleural surface at the original site of intrapleural injection. Otherwise the 
animal is negative. 

Subcutaneously sensitized, S.4. There is no fluid present in either pleural 
cavity. The tubercles are clustered on the right posterior sternal pleura, 
along the anterior mediastinum, and on the anterior surface of the right 
lung. There are a few tubercles on the mediastinal part of the diaphragm; 
otherwise the pleura is smooth and glistening. At the local primary site of 
injection there is a tubercle about 1 cm. in diameter. The remainder of the 
animal is normal. 

Intravenously sensitized, I. 4. There is no fluid present in either pleural 
cavity. There are distinct large miliary tubercles throughout both lungs. 
The tubercles are mainly located along the right posterior sternal surface and 
a few are found along the anterior margins of the right lung and right pul- 
monary hilum. The pleural surfaces otherwise are smooth and glistening. 

Findings four weeks after the intrapleural injection of tubercle bacilli: 

Control rabbit, N. 5. There is no fluid present in either pleural cavity. 
The tubercles are clustered along the right sternal parietal pleura, on the 
anterior and mediastinal surfaces of the right lung, and a few are found along 
the pleural surface of the right diaphragm. The rest of the animal is negative. 

Subcutaneously sensitized, S. 5. Resembles control rabbit, N. 5, except 
for a slight variation in the distribution of the pleural tubercles. The local 
primary site of injection consists of a caseous nodule about 1 cm. in diameter. 

Intravenously sensitized, I. 5. There is no fluid present in either pleural 
cavity. There are distinct miliary tubercles in both lungs. With slight varia- 
tions the pleural tubercles are located along the right sternum, the anterior 
surfaces of the right lung and the hilum of the right lung. The pleural sur- 
faces are smooth and glistening. 


As nearly as repetition is possible with experimental animals the above 
series has been duplicated; but the report of this series is not included, 
since it did not differ materially in the general findings and would there- 
fore not add anything to the above report. From these two series of 
experiments performed at different intervals the following conclusions 
seem justified: 
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1. That virulent human tubercle bacilli in fine suspension in gum 
saline (seven per cent acacia in physiological saline) solution injected 
intrapleurally on the right side into normal rabbits tend to clump and 
form clusters of tubercles especially toward the lower or anterior por- 
tions of the right pleural cavity and on the right lung and toward the 
mediastinum. 

2. That there does not seem to be any difference in the gross final 
results of the intrapleural injection of the living virulent human tubercle 
bacilli, regardless of whether the rabbits have received either a sub- 
cutaneous or an intravenous (sensitizing) injection of the same culture, 


FiG.-2 Fic. 3 


Fic. 1. RESULT OF INTRAPLEURAL INJECTION OF VIRULENT HUMAN TUBERCLE BACILLI INTO 
A Normat Rassit (Front view) 


Note the irregular distribution and clumping of the tubercles three weeks after inoculation 


Fic. 2. RESULT OF INTRAPLEURAL INJECTION OF TUBERCLE BACILLI INTO A RABBIT PRE- 
VIOUSLY INJECTED SUBCUTANEOUSLY WITH THE SAME CULTURE OF TUBERCLE 
(Front view) 


Note the irregular distribution of the tubercles along the anterior lung surface and the 
sternum. 


Fic. 3. REsutT OF INTRAPLEURAL INJECTION OF TUBERCLE BACILLI INTO A RABBIT PRE- 
VIOUSLY GIVEN AN INTRAVENOUS INJECTION OF THE SAME BACILLI (Front view) 


Note the irregular distribution of tubercles on the right side and the miliary tubercles in 
both lungs, 
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one month prior to the intrapleural injection. The finer histologic 
tubercle differences were not studied. 

3. That in rabbits there is no more tendency to form pleural effusions 
or an empyema following the intrapleural injection of virulent (for 
guinea pigs) human tubercle bacilli in those animals having received 
either a subcutaneous or an intravenous injection of the same culture 
of tubercle bacilli one month prior to the intrapleural injection than in 
a normal rabbit not having received such preliminary sensitizing injec- 
tion, thus making it impracticable to use this method in the rabbit for 
the production of tuberculous effusions or empyemas for experimental 
therapeutic or other studies. 


Fic. 4 Fic. 5 


Fic. 4. Resutt or INTRAPLEURAL INJECTION OF VIRULENT HUMAN TUBERCLE BACILLI INTO 
A Norma Rassit Four WEEKS AFTER INFECTION (Side view) 


Note the irregular distribution of the tubercles 
Fic. 5. RESULT OF INTRAPLEURAL INJECTION OF TUBERCLE BACILLI INTO A RABBIT PRE- 


VIOUSLY INJECTED INTRAVENOUSLY WITH THE SAME CULTURE OF TUBERCLE 
(Side view) 


Note the irregular distribution of the tubercles and the presence of miliary tubercles 
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THE EFFECT OF PROLONGED PNEUMOTHORAX UPON 
TUBERCULOSIS OF THE LUNGS OF RABBITS, 
FOLLOWING THE INTRAVENOUS INJEC- 

TION OF TUBERCLE BACILLI 


H. J. CORPER anp O. B. RENSCH 


Research Department, National Jewish Hospital for Consumptives, Denver, Colorado 


It is rather singular that with the innumerable publications on arti- 
ficial pneumothorax, there should have been practically no experimental 
laboratory observations made on the effect of this procedure upon pul- 
monary tuberculosis in animals until in 1919, when Shaw (1) reported 
rather scanty observations on rabbits, from which he concluded that 
artificial compression led to a greater tuberculous involvement of the 
collapsed than of the noncollapsed lung. If these observations were 
authentic and borne out in man, the use of artificial pneumothorax as a 
therapeutic procedure might certainly appear open to condemnation. 
In a previous paper by Corper, Simon and Rensch (2), the observations 
made by Shaw could not be corroborated. In a large series of well-con- 
trolled rabbits it was found that one sided artificial pneumothorax, or 
compression of one of the lungs by means of fluid (artificial hydrothorax), 
had no visible macroscopic influence upon the number or type of the 
tuberculous lesions resulting from the intravenous injection of virulent 
human tubercle bacilli, regardless of whether the compression was made 
on the right or left side, or a day before or a day after the intravenous 
injection of the tubercle bacilli. There was also noted no differences 
between the number or type of the tuberculous lesions in animals with 
one lung compressed as compared to normal noncompressed animals, 
although the differences between the different animals of the same series 
receiving the same intravenous injections of tubercle bacilli were greater 
than the differences found between the two lungs of the same animal. 
In these previous experiments which aimed mainly to repeat and attempt 
to corroborate Shaw’s work, the artificial pneumothorax was not main- 
tained for a sufficiently long time, to be entirely convincing as to whether 
this procedure might not have some effect, possibly beneficial, upon the 
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tuberculosis in the lungs. It therefore seemed desirable to extend the 
time period of the tests as far as was consistent with the life of the éxper- 
imental animal used. The following experiments were planned for this 
purpose as an addendum to the previous contribution. 


This experiment included 16 rabbits: 6 controls given an intrave- 
nous injection of a uniform emulsion (3), containing 0.2 mgm. of a culture 
no. 1851 of virulent human tubercle bacilli in 1 cc. of 0.9 per cent sodium 
chloride solution, and 10 rabbits similarly injected with tubercle bacilli 
and shortly thereafter given an intrapleural injection of air on the right 
side, after which the compression was maintained by injecting air into 
the right pleura at intervals of two to three days throughout the entire 
period of experimentation as detailed in the following protocols. Of the 
6 control rabbits, 5 survived the entire experimental period; while of the 
10 pneumothorax rabbits, 5 survived. Only the findings on the 5 con- 
trols and 5 pneumothorax rabbits surviving the entire interval are 
recorded. 


Control rabbits receiving only tubercle bacilli intravenously. The entire 
series, controls and pneumothorax rabbits, were killed one month after the 
injection of the tubercle bacilli and the initiation of the artificial pneumo- 
thorax. 

Control rabbit no. 1. At postmortem revealed a uniformly distributed 
miliary tuberculosis of both lungs, the tubercles being about 0.5 to 1.5 mm. 
in diameter. 

Control rabbit no. 2. Upon section both lungs were uniformly involved 
by a miliary tuberculosis, the tubercles being about 0.5 to 1.0 mm. in diameter. 

Control rabbit no. 3. Upon section this rabbit revealed a uniformly 
distributed miliary tuberculosis of both lungs, with tubercles ranging from 
0.5 to 1.5 mm. in diameter. 

Control rabbit no. 4. Practically a duplicate in distribution and findings 
to rabbit no. 3. 

Control rabbit no 5. Practically a duplicate in pulmonary findings to 
rabbit no. 2. 
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Pneumothorax rabbit no. 1. On section revealed a uniform distribution 
of miliary tubercles about 0.5 to 1 mm. in diameter throughout both lungs. 
The right lung was well collapsed. 


DAY OF EXPERIMENT WATER MANOMETER READING 
cm, 
Before injection 0.0 to —2.0 
1 50 +0.5 to —0.0 
3 50 +0.5 to —0.0 
5 100 +0.5 to —0.0 
7 75 +0.5 to —0.5 
9 50 +1.0to —0.0 
12 50 +0.5 to —0.0 
14 50 +0.5 to —0.0 
17 75 No reading 
1 Before +0.0 to —1.0 
After 50 +1.0 to —0.0 
24 Before +0.0 to —1.0 
After 50 +2.0to +0.5 
26 75 +1.5 to —0.5 
29 75 +1.5 to —0.0 


Pneumothorax rabbit no. 2. At postmortem revealed findings not differ- 
ing greatly from those of rabbit no. 1. The right lung was well collapsed. 


DAY OF EXPERIMENT AIR INJECTED WATER MANOMETER READING 
cm. 
1 No reading 
3 50 +0.5 to —0.5 
5 75 +1.0 to —0.0 
7 75 +1.0 to —0.0 
9 85 +0.5 to —0.5 
12 75 +0.5 to —0.0 
14 75 +1.0 to —0.0 * 
17 80 +1.0to —0.0 
21 50 +1.5 to —0.0 
24 50 +0.5 to —0.0 
6 Before +0.0 to —1.0 
After 50 +1.5 to —0.0 
Before +0.0 to —1.0 
sie After 50 +0.5 to —0.0 
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Pneumothorax Rabbit no. 3. On section there was found a uniform dis- 
tribution of miliary tubercles from 0.5 to 1.5 mm. in diameter throughout 
both lungs. The right lung was well collapsed. 


DAY OF EXPERIMENT WATER MANOMETER READING 


cm. 


+0.5 to —0.0 
+1.0 to —0.0 
+2.0 to +1.5 
No reading 
+2.0 to +1.0 
+0.5 to —0.0 
+0.5 to —0.0 
+0.5 to —0.0 
+2.0 to —0.0 
+1.0 to —0.0 
+1.0 to —0.0 
+1.0 to —0.0 


Pneumothorax rabbit no. 4. Postmortem revealed a uniformly distributed 
miliary tuberculosis throughout both lungs the tubercles ranging in diameter 
from 0.5 to 1.5 mm. The right lung was well collapsed, the middle lobe 
being entirely consolidated (not a tuberculous bronchopneumonia). 


DAY OF EXPERIMENT WATER MANOMETER READING 


cm. 


+0.5 to —1.0 
+0.5 to —0.5 
+0.5 to —0.5 
+1.0to —0.5 
+2.0 to +0.5 
+1.0 to —0.0 
+1.0 to —0.0 
+1.5 to —0.0 
+1.5 to —0.0 
+1.0 to —0.0 
+1.0 to —0.0 
+1.0 to —0.0 


cc. 
1 50 
3 50 
5 50 
7 75 
9 75 
12 50 
14 50 
17 50 | 
21 75 
24 45 
26 50 
29 60 
cc. 
1 50 : 
3 50 
5 75 
7 75 
9 75 
12 75 
14 75 
17 75 
100 
24 75 
26 75 
29 65 
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Control rabbit no. 5. On section-revealed a fairly uniform distribution of 
miliary tubercles throughout both lungs, ranging from 0.5 to 1 mm. in diam- 
eter. The right lung was well collapsed. 


DAY OF EXPERIMENT 


AIR INJECTED | WATER MANOMETER READING 


CC. cm. 
1 50 | +0.5 to —0.0 
3 50 +1.0 to —0.0 
5 50 | +1.5 to —0.0 
7 75 | +1.5 to +0.5 
9 75 | +1.0 to —0.0 
12 75 | +1.5to +0.5 
14 75 +1.0 to —0.0 
17 75 +1.0 to —0.0 
21 100 +1.5 to +0.5 
24 75 +1.0 to —0.0 
26 75 +1.5 to —0.5 
29 75 +1.0 to —0.0 


On account of the uniformity obtained in these findings, there being 
no appreciable gross macroscopic differences between the lungs of the 
pneumothorax and tuberculous nontreated rabbits, a photograph is 
given of the lungs of only one typical control and one typical pneumo- 
thorax rabbit (see figs. 1 and 2). For the sake of preservation and of uni- 
formity in photography, both of these lungs have been inflated by tying 
the trachea and injecting into it about 20 cc. of a 20 per cent glycerol, 20 
per cent formaldehyde mixture. The specimen on the left side (larger 
appearing) in the photograph was obtained from the pneumothorax 
rabbit. Note the uniformity in number and size of the small tubercles 
in both the right and left lung. The specimen on the right side in the 
photograph was taken from the untreated rabbit. Note the uniformity 
of the distribution and size of the miliary tubercles in both lungs, right 
and left, and the striking similarity in number and size of these miliary , 
tubercles to those in the lungs (left side specimen of photograph) from 

the treated animal. 
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Fic. 1 Pre, 2 


Fic. 1. PNEUMOTHORAX RABBIT 


Pneumothorax induced on right side and continued for one month. 


Fic. 2. NormMat RABBIT 


Note the uniformity in both size-and distribution of the miliary tubercles in both ani- 
mals and in both lungs of each animal. 


SUMMARY AND CONCLUSIONS 


Prolonged artificial pneumothorax in rabbits sufficient to induce a 
good collapse of the right lung, initiated shortly after the intravenous 
injection of a suspension of virulent human tubercle bacilli and main- 
tained for a period of a month by means of the intrapleural injection of 
air every second or third day throughout the experimental period, has 
no appreciable effect upon the size or number of macroscopic tubercles 
found in the lungs of the treated animals as compared to the untreated, 
or in the compressed right lung as compared to the noncollapsed left lung. 
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THE PULMONARY DISTRIBUTION OF FINELY DIVIDED 
SUSPENSIONS INJECTED INTRAVENOUSLY INTO 
RABBITS AFTER THE PRODUCTION OF 
ARTIFICIAL PNEUMOTHORAX 


H. J. CORPER anv O. B. RENSCH 


Research Department, National Jewish Hospital for Consumptives, Denver, Colorado 


In a previous communication by Corper, Simon and Rensch (1), 
on the effect of artificial pneumothorax upon experimental pulmonary 
tuberculosis in the rabbit, there were reported a few experiments -per- 
formed for the purpose of obtaining information on the observation 
made that the tubercles in the lungs resulting from the intravenous 
injection of a uniform suspension of virulent human tubercle bacilli 
were equally distributed in both lungs, regardless of whether one of 
the lungs had been compressed a day before or a day after the injection 
of the'bacilli. It seemed that compression of a lung before the injection 
should have had an effect upon the pulmonary circulation and thus 
result in an altered distribution of the tubercles in the two lungs. In 
order to eliminate the time interval necessary for the development of 
the pulmonary tubercles resulting from the intravenous injection of 
the tubercle bacilli, suspensions of Prussian blue, scarlet R and starch 
were used for the intravenous injection and the injections were given 
within one-half hour after a good compression of the lung. The Prus- 
sian blue precipitate was used because it imparted an immediate blue 
color to the lung and allowed an approximate color comparison of the 
compressed and normal lung, thus bringing out any gross differences 
in the distribution of the injected particles. The scarlet R suspension 
did not impart a color to the lungs but was well suited for accurate 
quantitative chemical analysis, while the starch could be tinted blue 
by immersion in a weak iodine solution. The latter proved to be least 
suited for the purpose at hand. These substances were found to be 
uniformly distributed in both lungs, similar to the tubercles resulting 
from the intravenous injection of tubercle bacilli, regardless of whether 
the lung was compressed before injection or not. It was also noted 
that the Prussian blue gradually and uniformly disappeared from both 


the compressed and normal lungs. 
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These experiments, having been performed immediately following 
compression, did not give any information regarding such changes as 
may occur after artificial pneumothorax had been maintained for a 
long period of time and it is for this reason that the following experi- 
ments were performed. This question was also raised by Dr. E. R. 
Baldwin in a personal interview with one of us who suggested that the 
following experiments should materially increase the value of these 
investigations. 

In the following experiments compression of the right lung was main- 
tained over periods of two. and four weeks before the injection of the 
suspensions of Prussian blue and scarlet R into the circulation. 

The compression was obtained by means of air using the usual Floyd- 
Robinson pneumothorax apparatus. The gas was injected every two 
or three days, starting with small amounts of about 50 to 100 cc., depend- 
ing upon the size of the animal, in order to obtain a gradual compression. 
If too much gas was given at the beginning the mortality among the 
rabbits thus treated was very high. Even with gradual and slow com- 
pression it was possible only to maintain about one-half of the rabbits 
for a month for the final distribution test. The Prussian blue was 
prepared from ferric chloride and potassium ferrocyanide as described 
in the previous article (loc. cit.), while the scarlet R suspension was pre- 
pared by adding about one-twentieth volume of a strong ether solution 
of scarlet R to a 0.9 per cent sodium chloride =7 per cent gum acacia 
solution (2) and shaking vigorously for about five minutes, when the 
scarlet R is found precipitated in a fine brown suspension in the gum 
acacia solution. The scarlet R remains suspended in this solution with- 
out preceptible settling for about eight to twenty-four hours. 


THE DISTRIBUTION OF SCARLET R SUSPENSION INJECTED INTRAVENOUSLY 
IN THE LUNGS OF NORMAL RABBITS AND IN THOSE WITH A RIGHT-~* 
SIDED PNEUMOTHORAX MAINTAINED FOR TWO AND FOUR WEEKS 


For the sake of comparison and as a control to this experiment five 
normal rabbits were given an intravenous injection of 5 cc. of 7 per cent 
gum acacia-saline solution, containing 0.64 mgm. of scarlet R (Griibler) 
in fine suspension. These rabbits were then killed at intervals of ten 
minutes, one and four hours and one and two days, when their lungs 
were removed, weighed individually and extracted by means of warm 
95 per cent ethyl alcohol. The total alcoholic extracts were filtered, 
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diluted to a definite volume and the amount of scarlet R present deter- 
mined colorimetrically by comparison with a standard known scarlet 
R solution in 95 per cent alcohol, using for this purpose the Kober 
colorimeter. Likewise, a series of five rabbits (the survivors from an 
initial twelve) in which the right lung had been maintained collapsed | 
over a period of two weeks was given single intravenous injections of 
5 cc. of the same suspension of scarlet R (containing 0.64 mgm.). These 
animals were killed at intervals of thirty minutes, one and four hours, 
and one and two days when their lungs were removed and analyzed 
for scarlet R colorimetrically. 

The detailed accounts of the pneumothorax set of rabbits were as 


follows: 
Thirty minute rabbit 


AIR INJECTED WATER MANOMETER 2EADING 


cm. 


+2.0 to +1.0 
+2.0 to +0.5 
+2.0 to +0.5 
+2.0 to +0.5 
+1.0 to +0.0 
+1.0 to +0.5 


Postmortem revealed a well collapsed right lung. 
One hour rabbit 


AIR INJECTED WATER MANOMETER READING 


cm. 


150 +2.0 to +1.0 
75 +2.5 to +1.0 
100 +1.6 to +0.5 
100 +1.0 to —0.0 
10 100 +1.0 to —0.0 
14 50 +1.0 to —0.0 


Postmortem revealed a well collapsed right lung. 


Four hour rabbit 


WATER MANOMETER READING 


cm, 
+1.0 to —0.0 
+2.0 to +0.5 
+2.0 to +0.5 
+2.0 to +0.5 
+1.0 to —0.0 
+1.0 to —0.0 


Postmortem showed a good collapse of the right lung. 


DAYS i 
1 125 
3 75 
5 75 
7 50 
10 100 
14 50 
DAYS AIR INJECTED 
1 125 
3 75 
5 75 
7 75 
10 100 
14 50 
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One day rabbit 


AIR INJECTED WATER MANOMETER READING 


cc. cm. 


100 +2.0 to +1.0 
75 +2.5 to +2.0 
100 +1.5 to +0.5 
75 +1.0 to —0.0 
1 100 +1.0 to —0.0 
1 75 +1.0 to —0.0 


Postmortem examintion revealed a good collapse of the right lung with a bronchopneu- 
monic consolidation of the middle lobe. 


Two day rabbit 


AIR INJECTED WATER MANOMETER READING 


ce. cm. 


125 +2.5 to +1.5 
50 +3.0 to +2.0 
75 +1.0 to —0.0 
60 +1.5 to —0.0 
1 125 +1.5 to —0.0 
1 50 +1.0 to —0.0 


Postmortem revealed a well collapsed right lung. 


The results of the analysis for scarlet R and the weights of the lungs 
are given in table 1 for the normal rabbits, and in table 2 for those with 
the right lung compressed two weeks, and table 3 for those compressed 


four. weeks: 
TABLE 1 


Distribution of a suspension of scarlet R in the lungs of normal rabbits after intravenous injection 


RIGHT LUNG LEFT LUNG 


INTERVAL AFTER THE INJECTION OF Scarlet R present Scarlet R present” 
SCARLET R Total 


Papa | P 
er gram weight er gram 
Total of lung Total of lung 


mgm. mgm. mgm. mgm. 
0.113 | 0.016} 5.05 0.070 | 0.014 
0.098 |} 0.014} 4.40 0.069 | 0.016 
0.071 0.008 |} 6.15 0.095 |} 0.015 
0.057 | 0.009} 4.65 0.071 | 0.015 
0.064 | 0.010} 4.75 0.049 | 0.011 


0.081 | 0.011 | 5.00 0.071 | 0.014 
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It is to be noted after examination of table 1 that scarlet R particles 
do not readily disappear from the lungs following intravenous injection 
into normal rabbits and that there is a considerable range of variation 
between the distribution in the lungs of the various animals, so that 
only by averaging the findings in a series of animals is the approximate 
relative distribution between the right and left lungs obtained. In 
total average the right lung seems to retain more of the scarlet R particles, 
while on the basis of average per gram weight of moist lung tissue the 
left lung retains more in the approximate proportion of 11 for the right 


to 14 for the left. 
TABLE 2 


Distribution of a suspension of scarlet R, following intravenous injection in the lungs of rahbits 
with a right-sided pneumothorax maintained for two weeks 


RIGHT LUNG LEFT LUNG 


INTERVAL AFTER THE INJECTION OF Scarlet R present Scarlet R present 


SCARLET R Total 


P — P 
ergram| weight er gram 
Total of lung Total of lung 


mgm. mgm. mgm. mgm. 
SO 0.120 | 0.022 4.50} 0.140 | 0.031 
0.072 | 0.009 11.15 | 0.070} 0.006 
0.064 | 0.008 7.35 | 0.074 0.010 


Average 6.94 | 0.086| 0.013] 6.90} 0.102] 0.017 


* This lung had a pneumonic consolidated middle lobe which weighed 2.3 grams and con- 
tained no scarlet R. This lobe was not included in the weight of the right lung or in the 
final average total moist weight figure. 


An examination of table 2 reveals that there is not a marked difference 
between the distribution of the scarlet R suspension in the lungs after 
two weeks compression as compared to the normal lungs in table 1. 
The lower average total milligrams of scarlet R in the right lung may 
be considered a slight effect, but when the figures are viewed from the 
standpoint of the average milligrams scarlet R per gram of lung the 
proportion 13 for the right lung as compared to 17 for the left lung is 
about the same proportion as that noted in the normal animals. 
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The detailed accounts of the pneumothorax group of rabbits main- 
tained for four weeks were as follows: 


Thirty minute rabbit 


H. J. CORPER AND O. B. RENSCH 


AIR INJECTED 


WATER MANOMETER READING 


cm. 


+1.0 to —0.5 
No reading 

+1.0 to +0.5 
+1.0 to —0.0 
+1.0to —0.5 
+0.5 to —0.5 
+1.0 to —0.0 
+1.0 to —0.0 
+1.0 to —0.0 
+1.0 to —0.0 


Postmortem revealed a well collapsed right-lung. 


One hour rabbit 


AIR INJECTED 


WATER MANOMETER READING 


ce. 
50 
100 
. 100 


cm. 


No reading 

No reading 

+1.0 to —0.0 
+1.0 to —0.0 
No reading 

+0.5 to —0.0 
+1.0 to —0.0 
+0.5 to —0.0 
+1.0 to —0.0 
+1.0 to —0.0 


A well collapsed right lung was found on section. 


Four hour rabbit 


AIR INJECTED 


WATER .MANOMETER READING 


cc. 


50 
100 
100 
100 

75 

75 

75 

75 

75 

75 


cm. 


+1.0 to —0.5 
+1.0 to —0.0 
+1.0 to —0.0 
+0.5 to —0.0 
+0.5 to —0.5 
+1.0 to —0.0 
+1.5 to —0.0 
+0.5 to —0.0 
+1.0 to —0.0 
+1.0 to —0.0 


Good compression of the right lung was found at postmortem. 


DAYS 
ce. 
1 75 
100 
6 100 
8 100 
11 75 
14 75 
18 75 
22 75 
26 75 
29 75 
DAYS 
1 
3 
6 
8 75 
11 100 
14 75 
18 50 
22 100 
26 75 
29 75 
DAYS 
= 
1 
3 
6 
8 
11 
14 
18 
22 
26 
29 
q 
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One day rabbit 


AIR INJECTED WATER MANOMETER READING 


cm. 


+0.5 to —0.0 
+1.0 to —0.0 
+1.5 to —0.0 
+1.0 to —0.0 
+2.0 to —1.0 
+1.0 to —0.0 
+2.0 to +0.5 
+1.5 to —0.0 
+2.0 to +1.0 
+1.5 to +0.5 


Good compression of the right lung found on section. 


Two day rabbit 


AIR INJECTED WATER MANOMETER READING 


cm. 


+1.5 to —0.5 
No reading 

+1.0 to —0.0 
+1.5 to —0.0 
+0.5 to —0.0 
+1.0 to —0.0 
+0.5 to —0.5 
+0.5 to —0.0 
+1.5 to —0.0 
+1.0 to —0.0 


The right lung was found well collapsed at postmortem. 


These rabbits were injected at a different time than those reported 
above in tables 1 and 2, receiving a newly made suspension of scarlet 
R, each rabbit receiving 6 cc. of 7 per cent gum acacia in saline solution 
intravenously, containing 0.78 mgm. of scarlet R. The series when 
begun consisted of 12 rabbits, of which 6 survived the four weeks for 
the intravenous injection and analysis. The results of the analysis of 
the 5 found suitable for this purpose are given in table 3. 

An examination of table 3 reveals that there is an appreciable differ- 
ence between the amount of scarlet R found in the average per gram 
of lung after four weeks of collapse as compared to the average per gram 
of noncollapsed left lung, the proportion right collapsed 14 to left non- 
collapsed 29 differing distinctly from the findings in the untreated rab- 
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1 50 
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8 100 
11 100 
14 75 
18 75 
22 80 
26 75 
29 75 
DAYS 
cc. 
1 50 
3 100 
6 100 
8 75 | 
100 
14 75 
18 75 
22° 80 
26 75 
29 75 
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TABLE 3 


Distribution of a suspension of scarlet R, after intravenous injection, in the lungs of rabbits with 
a right-sided pneumothorax maintained for four weeks 


RIGHT LUNG LEFT LUNG 


INTERVAL AFTER THE INJECTION OF Scarlet R present 


SCARLET R Scarlet R present 


Total 

> 
er gram weight er gram 

Total of lung Total of lung 


mgm. mgm. mgm. mgm, 
0.051 | 0.006 | 6.80 0.100} 0.015 
: 0.143 | 0.020; 5.20 0.153 | 0.029 


0.101 | 0.014; 5.90 0.166 | 0.029 


bits, right collapsed 11 to left 14, or those only collapsed for two weeks, 
right collapsed 13 to left noncollapsed 17. This difference is also noted 
in the average total milligrams of scarlet R in the entire right or left 
lung, the normal right to left being 81 to 71, whereas after two weeks 
pneumothorax it was 86 to 102 and after four weeks, 101 to 166. 


It must be admitted, however, as is easily revealed by a careful exami- 
nation of these tables that these changes though they occur in the 
average and therefore in the majority of the animals cannot always 
be applied as a hard and fast rule. 


THE DISTRIBUTION OF PRUSSIAN BLUE SUSPENSION INJECTED INTRA- 
VENOUSLY IN THE LUNGS OF RABBITS IMMEDIATELY AFTER RIGHT 
SIDED PNEUMOTHORAX AND AFTER PNEUMOTHORAX. HAD BEEN 
MAINTAINED FOR FOUR WEEKS 


The observations made on animals given an intravenous injection: of 
Prussian blue are merely macroscopic and cannot be as accurate as 
those obtained with scarlet R. Very marked differences should, how- 
ever, be discernible and they are especially valuable since the Prussian 
blue precipitate is slightly soluble in the blood and therefore allows 
observations on its disappearance which may also be taken as an approxi- 
mate circulatory effect. 

The data on the distribution and disappearance of the Prussian blue 
from the lungs after acute collapse were given in the previous paper but 
at that time no photographs were incorporated in the article so that 
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they are included preferably here, since comparison is then possible 
between the result of acute (one-half hour collapse before injection) 
as compared to chronic (four weeks of collapse before injection) reaction 
(see figures). Unfortunately black and white photography cannot 
depict the actual presence and absence of the blue pigment, but the 
figures illustrate well the fairly uniform and equal distribution of this 
pigment and its gradual disappearance from both lungs, regardless of 
collapse. Only four lungs are pictured for each set since they give 
practically all the information desired, which could not be appreciably 
improved upon by the addition of more pictures. 

Since the detailed findings with Prussian blue after four weeks’ com- 
pression did not differ materially from those recorded in table 2 of the 
former paper, reference to the charted findings in that paper will also 
apply to those obtained after prolonged (four weeks) pneumothorax. 
For visual comparison, however, the figures of four sets of lungs showing 
the distribution of the Prussian blue after different intervals following 
the intravenous injection of this pigment four weeks after the mainte- 
nance of artificial pneumothorax are given. 


SUMMARY AND CONCLUSIONS 


A fine suspension of scarlet R in gum acacia-saline injected intraven- 
ously into normal rabbits is distributed to the two lungs, but the amounts 
found in the right or left lung by accurate colorimetric analysis are 
subject to considerable variation in the individual rabbits, so that only 
by averaging the findings in a series of animals is the approximate distri- 
bution obtainable. Such an average reveals the entire right lung to 
possess more of the scarlet R suspension than the left in proportion of 
81 to 71 while on the basis of per gram weight of lung tissue the pro- 
portion 11 right to 14 left holds. 

Compression of the right lung by means of air (artificial pneumothorax) 
maintained for a period of two weeks, followed by the intravenous injec- 
tion of a suspension of scarlet R, does not appreciably alter this average 
relation resulting from the examination of a series of rabbits, although 
a slight difference is appreciated, especially in comparing the total 
average lung weight (the proportion being right (compressed) 86 to 
left 102) while the average scarlet R per gram lung is unaltered (right 
(compressed) 13 to left 17). Artificial pneumothorax maintained for 
four weeks, however, reveals an appreciable average change, the scarlet 
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R present in the total average lung weight being less in the compressed 
than in the noncompressed lung (the proportion being right (compressed) 
101 to left 166) while the average scarlet R present on the basis of per 
gram lung is also less in the right as compared to the findings in the 
normal animal (the proportion being right compressed 14 to left 29). 

It is, however, to be noted that these changes, though they are per- 
ceptible in averaging a series of animals, are subject in individual cases 
to marked variations and may not hold true, the individual rabbit at 
times even after four weeks maintenance of pneumothorax revealing 
proportions well within the average normal findings. 

These differences, following prolonged pneumothorax, between the 
compressed and noncompressed lungs are not marked enough to be 
discernible by the gross macroscopic findings with a pigment like Prus- 
sian blue which, injected intravenously, reveals a fairly uniform dis- 
tribution even after four weeks duration of the pneumothorax in rabbits, 
and likewise a fairly uniform disappearance of this partially soluble 
blue pigment. 
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Fic. 1. Tut DistrIBuTION OF PRUSSIAN BLUE AND ITS DISAPPEARANCE AT CERTAIN 
INTERVALS FROM THE LUNGS IN RABBITS IN WHICH A RIGHT-SIDED ARTIFICIAL PNEUMO 
THORAX WAS PRODUCED A SHORT TirmE (30 MINUTFS) PRIOR TO INTRAVENOUS INJECTION 
OF THE PIGMENT 


Specimen 1 was obtained immediately after injection of Prussian blue. 

Specimen 2, two minutes after injection. 

Specimen 3, five minutes after injection. 

Specimen 4, thirty minutes after injection. 

Note the gradual and uniform disappearance of the dye and its uniform distribution. 
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Fic. 2. THe DtsTrRIBUTION OF PRUSSIAN BLUE AND ITS DISAPPEARANCE AT CERTAIN 
INTERVALS FROM THE LUNGS oF RABBITS IN WHICH A. RIGHT-SIDED PNEUMOTHORAX HAD 
BEEN MAINTAINED FOR A MONTH PRIOR TO INTRAVENOUS INJECTION OF THE PIGMENT 


Specimen 1 was obtained immediately after injection of the Prussian blue. 

Specimen 2, three minutes after injection. 

Specimen 3, five minutes after injection. 

Specimen 4, ten minutes after injection. 

A gradual and uniform disappearance of the dye is to be noted, until in specimen 4 only a 


few discrete spots are still seen. 
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THE USE OF SODIUM MORRHUATE IN PULMONARY 
TUBERCULOSIS! 


MAX BIESENTHAL 


From the Chicago-Winfield Sanatorium, Chicago 


One of the great hopes of all mankind is a specific for the cure of 
tuberculosis. Following the work of Ehrlich in his discovery of the 
arsenobenzol compound for the treatment of syphilis, the interest in 
the possibilities of chemotherapy as the source of actual remedial agents 
became reawakened. Innumerable chemical salts, chiefly of inorganic 
sources, have been tested and up to the present time all have been dis- 
carded as of no value. 

In spite of the discouragements of the past, new preparations are 
being tried in the hope that one of them may be the cure of cures in 
the treatment of tuberculosis. With this thought in mind I used the 
sodium gynocardate ‘A’ salt as advised by Sir Leonard Rogers. As 
reported in a previous article (1) my results failed to show any value 
for this drug in the treatment of pulmonary tuberculosis. 

Shortly after the publication of his work with the gynocardate salt, 
Rogers announced the placing on the market of a sodium salt of cod 
liver oil. Known as sodium morrhuate, it is described as a preparation 
made from cod liver oil by extracting the unsaturated fatty acids with 
ether and making a sodium salt of these. A 3 per cent solution in water 
of this salt is injected subcutaneously, intravenously or intramuscularly. 
The dosage advised is } to 1 mil, injected two or three times a week. 

Reactions somewhat similar to those following the use of tuberculin 
are described. Up to the present time there seems to be a divergence 
of opinion as to whether these reactions are beneficial to the patient 
ornot. Yet a warning is given to use great caution in the use of sodium 
morrhuate lest harm be done to the patient. 

Cod liver oil has been advocated as a remedy for tuberculosis for 
centuries. To-day many have discarded it, while others still prescribe 
it in the belief that it possesses a specific property which acts against 


1 Read before the Mississippi Valley Tuberculosis Conference, Duluth, Minnesota, Sep- 


tember 3, 1920. 
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the tubercle bacillus. Just what this property may be is in dispute. 
Some ascribe it to an iodine content; others to the presence of phosphorus; 
while yet other men believe that its chief value is in the fatty element. 

Rogers states (2) that if sodium morrhuate be given by mouth, the 
only result noted is a gain of weight. If given by the hypodermic method 
he quotes the following results as those obtained by Muir of the Kulna 
Mission Hospital of India: (1) a rapid diminution in the amount of 
sputum, (2) a rapid taking on of weight, (3) a diminution of fever, (4) 
an increase of strength, and (5) a diminution or a total disappearance 
of tubercle bacilli from the sputum. . 

Rogers concludes his article with the following statement, “I am not 
satisfied that the drug is a specific cure for tuberculosis. I am however 
certain that at the present time it is the best line of treatment for tuber- 
culosis in general.’’ Captain P. Ganguili (3) has reported on 38 cases 
and gives as his results a similar report to that of Rogers. 

With these enthusiastic reports before me, I had Smith, Stanistreet 
and Company of Calcutta, India, send me a supply of sodium morrhuate. 
This was prepared according to the directions of Rogers. A 3 per cent 
solution in sterile water with 0.5 per cent phenol was made. Placed in 
a sterile bottle and sealed with a rubber cap, the product was then again 
sterilized in an autoclave. An inital dose of § mil was given subcutane- 
ously. This dose was increased by ¢ mil in semiweekly injections until 
a dose of 1 mil was reached. Then only a single injection was given 
each week. 

Twenty-five patients were placed under treatment. Eight were 
classified as incipient and the remainder as moderately advanced. All 
with one exception had tubercle bacilli in their sputum. A total of 
430 injections were given. As in the previous work with the sodium 
gynocardate, the patient was not told that a new form of treatment for 
his disease was being used. The average time that each patient was 
under treatment with sodium morrhuate was slightly over four months. 
In addition to the drug each patient received the usual routine of sana- 
torium care. 

1. We failed to notice any rapid diminution in the amount of sputum: 
at least any such change as might not be termed as normal for a patient 
under the usual treatment, and also taking in consideration the length 
of stay in the institution. It was noted that in four patients the sputum 
previously positive became negative and remained so during the remain- 
der of their stay in the sanatorium, and that in three patients the sputum 
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became negative only to become again positive in spite of the fact that 
sodium morrhuate was being administrated at regular intervals. In 
fifteen patients the sputum remained positive throughout the entire 
course of treatment. In two patients the sputum became bacilli free, 
followed by their reappearance and again their disappearance. It was 
a strange coincidence that the only negative case injected became positive 
while being given the injections. 

2. The average gain in weight was not greater than the average of 
patients equally ill and yet not under this special treatment. 

3. The drug did not seem to have any beneficial action on the reduc- 
tion of temperature. Those patients, who had a fever of 100° or more 
at the onset of treatment, continued to have this rise of temperature 
almost without exception. We did note in several patients a transient 
rise in temperature following the injections. 

4, One patient suffered a pulmonary hemorrhage while under treat- 
ment. 

5. On the basis of physical signs the following was noted: that sixteen 
showed improvement as evidenced by diminution in moisture, areas of 
impaired resonance became less in extent and the breath sounds less 
harsh in character. There was no change noted in four patients, while 
in five the disease was progressive. 

6. No special or serious reactions were noted in the entire time that 
the work was being done. | 

7. No attempt was made to run a parallel series of cases not under 
this special drug. Yet in going over the records of former patients in 
the institution, the impression was gained that untreated cases had done 
as well as those who had had the injections of sodium morrhuate. 

As a result of this work, I agree with Rogers that sodium morrhuate 
is not a specific for tuberculosis. But I cannot agree with him that in 
the use of the drug we have the best line of treatment for tuberculosis 
in general. Further work with sodium morrhuate should be undertaken 
to prove or disprove the views of Rogers. 
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TUBERCULOUS MENINGITIS AS A COMPLICATION OF 
PULMONARY TUBERCULOSIS 


W. S. DUBOFF 


From the Sanatorium of the Jewish Consumptives’ Relief Society, Edgewater, Colorado 


It is conceded that perhaps three-fourths of all cases of tuberculous 
meningitis occur in young children. But inasmuch as this terminal 
condition is fairly frequent in adults afflicted with pulmonary tuber- 
culosis and presents a somewhat different clinical picture, it might be 
well to isolate this group for special study. It is not the object of this 
paper to repeat the well-known symptoms and physical signs of menin- 
gitis but to point out certain clinical constancies not ordinarily empha- 
sized in textbooks and to outline a plan of management based on the 
peculiar course of the disease in the sanatorium patient. 


ETIOLOGY 


Occurrence. From January 1, 1916, to May 1, 1920, there were 16 
cases of tuberculous meningitis in this institution. During the period 
mentioned there was a total of 287 deaths. In other words, about one 
out of every eighteen deaths, or 5.6 per cent, was due to tuberculous 
meningitis. 

Age. As one would expect, the disease occurs at a period when deaths 
from pulmonary tuberculosis are most frequent. Thirteen of our cases 
were between the ages of twenty-four and thirty-five. 

Sex. About one-fourth of the inmates in this institution are women, 
yet all our meningitis cases were male. The preponderance of males 
over females seems to be well established by numerous observers. 

Extent of pulmonary lesion. All but one had extensive pulmonary 
involvement. 

Other complications. Genitourinary tuberculosis was astonishingly 
frequent. Ten of our cases probably had genitourinary tuberculosis; 
eight surely, judging by the pyuria, the recovery of acid-fast bacilli in 
smears, guinea pig inoculation or palpable evidence of epididymal 
infection. Infection of the epididymis occurred seven times. In the 
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Guy’s Hospital Report (1) of six cases of tuberculous meningitis in 
adults, three were found on postmortem examination to show renal 
tuberculosis. Z 
Injury to the central nervous system. In one of our cases, the meningitis " 
occurred six weeks after the administration of stovaine intraspinally as q 
an anesthetic for the removal of a tuberculous kidney. In another, 
there was a definite sequence of spinal caries, cord irritation and menin- 
gitis. This patient also had a tuberculous epididymis. In a third, a 
very acute spinal tuberculosis was followed by meningitis. It is difficult 3 
to correlate cord injury with a lesion at the base of the brain on the 
ground of locus minoris resistentiae. 


PATHOLOGY 


Inasmuch as postmortem examinations were made on only three of 
our cases, we do not feel that we are in a position to make special obser- 
vations. Examination revealed in all three cases a clear superior surface ; 
with scant turbid exudate at the base, fine tubercles in the pia immedi- 4 
ately overlying the region of the Sylvian fissures and some distention of 
the lateral ventricles. In one case which clinically had had a hemiplegia, 
with hemiparesis of the face and tongue and an aphasia, we were unable 
to find any other gross brain lesion on careful examination. 


SYMPTOMATOLOGY AND COURSE 


Headache is by far the earliest and most constant of the symptoms. 
It was present in all the cases but one (in this it was entirely absent) 
as the initial symptom. It is present each day and persists all day. 
It resists all treatment. It may be frontal or occipital or feel “‘as though 
the top were coming off.” There is nearly always fever or a sharp 4 
increase of existing fever. When the patient has been having a normal : 
temperature the rise may be step-like, quite similar to that during the ‘ 
first week of typhoid. In fact the two diseases may be readily confused. 
Two of our cases were totally afebrile throughout. Accompanying the 
headache and fever, there are usually mild mental symptoms, such as 
slowness of speech, a misplaced word or an inappropriate reply to a 
question. This triad—obstinate headache, fever and change in men- 
tality—in the course of pulmonary tuberculosis, is wellnigh pathog- 
nomonic. Uremia, which it resembles, is far and away the rarer of the 
two conditions in the ordinary run of sanatorium practice. 
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Dissociation of pulse and temperature is quite constant, the pulse curve 
crossing and recrossing the temperature curve many times in graphic 
charts. After perhaps ten days or two weeks the headache ceases to 
be a prominent symptom, but the mental symptoms become more pro- 
nounced. ‘There is marked drowsiness and often low muttering delirium 
with subsultus. The patient can usually be aroused sufficiently to 
answer questions; but the answers are made in an uncertain, hesitating 
manner appropriate at first, but soon becoming irrelevant. Lateral 
decubitus is the most common position at this stage. Photophobia is 
the rule. Stocker’s sign is constant,—the patient resists when the cover- 
ings are pulled down or the clothes loosened for examination. There 
may be a very excited type of delirium: the patient may get out of bed 
or attempt violence. One of our patients began caning a fellow patient 
before he was got back to bed and into a restraining sheet. 

Soon the patient becomes more and more stuporous, drifting into 
coma, with involuntary bowel movements and urinary retention, which, 
unless guarded against, becomes urinary overflow. The sputum, which 
is as a rule plentiful, is at first expectorated in all directions, but later 
allowed to accumulate in the bronchi, larynx and pharynx, purulent 
material dripping from the mouth or collecting in tenacious strings 
about the teeth and lips. Emaciation occurs rapidly, the countenance 
assuming a characteristic ashy-cyanotic tinge. The patient now lies 
on his back. Paralysis of both extrinsic and intrinsic eye muscles is 
common. Ptosis of one eyelid, external strabismus and a dilated, fixed 
pupil are the most usual palsies. More rarely there is hemiplegia. 

‘Wehavehadonecase. Legry (2) reportsonecase. Sauer (3) reports two. 

Before death the chest fills up with large bubbling rales, audible at 
some distance. It almost seems at times as though the patient were 
slowly drowning in his own secretions. Duration of the illness has in 
our cases varied from eight days to four and a half weeks. ; 

The symptomatology in adults differs from that of children in the 
early subjective character of the symptoms, the absence of convulsions 
(none having occurred in our cases), the infrequency of cerebral vomiting 
and in the prominence of the pulmonary symptoms, especially toward 
the close. 

The physical signs have in our cases been quite in accord with text- 
book descriptions. Rigidity of the neck, general hyperesthesia and 
Kernig’s sign have been early and constant. The knee jerks are at first 
increased, later depressed. At timesa short ankle clonus can be obtained. 
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A positive Babinski, Oppenheim or Gordon refiex on one or both sides 
has been fairly constant. 

Beggs (4) emphasizes a dilation of one pupil which reacts promptly 
to light as an early sign, perhaps the earliest of the physical signs. 
(This dilation must not be confounded with the fixed dilated pupil 
characteristic of the paralytic stage.) After several days to one week 
it becomes the typical contracted pupil of the irritative stage. The 
eye grounds as a rule reveal nothing of importance. Choroidal tubercles 
were consistently absent in spite of careful routine examination. Exami- 
nation of the blood reveals usually a moderate leucocytosis with a normal 
differential count. However, since most of our sanatorium patients 
with fever show a similar leucocytosis, one can attach little importance 
to a routine blood-count. 

Lumbar puncture. The characteristic fluid is clear, with fine grayish- 
white flocculi. It spurts out of the needle in a stream when the trocar 
is withdrawn. The most constant laboratory findings are a positive 
globulin test, a progressive increase in the cell count and, fairly fre- 
quently, tubercle bacilli in the smears. Mononuclear cells predominate, 
constituting 70 to 100 per cent. In examining spinal fluids for tubercle 
bacilli we have made smears of the film which forms after twenty-four 
hours in the ice-box. In making guinea pig injections, adherence to the 
following technique will secure a high percentage of positives. The 
twenty-four hour film is floated onto a sterile new glass slide. It is 
partially allowed to dry, then macerated with a sterile needle and spread 
as though fora smear. ‘The original spinal fluid or sterile saline solution 
is now added and thoroughly mixed with the smear to form an emulsion, 
enough of the solution being added to make a convenient quantity for 
injection. The reason for drying and breaking up the film is that it 
is nearly impossible to inject the unbroken film through an ordinary 
syringe. It remains adherent to the glass barrel of the syringe after 
the fluid is injected. Eleven spinal fluids were inoculated into the 
peritoneal cavity of guinea pigs and all resulted in generalized tuber- 
culosis. In six smears made directly from the spinal fluid, we found 
acid-fast bacilli. The number of positives seems to depend upon the 
length, carefulness and repetition of the search. Where it is essential 
to establish the diagnosis early, on an incontrovertible basis, such search 
is justifiable. But tuberculous meningitis in the course of pulmonary 
tuberculosis ordinarily presents such a clear-cut clinical picture, that 
it is usually unnecessary to wait for laboratory confirmation. 
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W. S. DUBOFF 


PROGNOSIS 


All of our cases ended fatally in from one to four weeks. True cases 
of tuberculous meningitis have ended in recovery. Pitfield (5) reports 
a case, cites 29 undoubted instances in medical literature and quotes 
McCarthy (Phipps Institute Reports) as having, from time to time, 
found evidence of healed tuberculosis of the central nervous system in 
postmortem examinations. Reichman (6) reports two recovered cases. 


TREATMENT 


Prophylactic. The frequency of the genitourinary tuberculosis in 
association with meningitis would make one wonder if there were not 
some etiological relationship and whether prompt surgical treatment 
of the genitourinary condition might help to prevent meningeal compli- 
cations. However, three of our epididymis cases (one with renal tuber- 
culosis who had had a nephrectomy) had been operated on. The 
intervals between operation and meningitis were six weeks, two years 
and three years. 

Direct treatment. Daily lumbar punctures during the period when 
headache is prominent will often mitigate this symptom. We have 
found it of little service in altering the later course of the disease. The 
injection of the ordinary antiseptics intraspinally (we have used and 
abandoned iodine in the form of Lugol’s solution) scarcely seems rational 
as it is impossible to use them in sufficient concentration. Local appli- 
cations of antiseptics to tuberculous processes, even in great concen- 
tration and to easily accessible areas, such as the larynx, has proved 
disappointing. We can hardly expect better results from similar treat- 
ment in meningitis. 

Although at this time specific therapy is out of the question, we can 
nevertheless do a great deal for the patient. He should be in a darkened, 
quiet room. He should be fed by an attendant as long as there is a 
swallowing reflex; and later by intermittent Murphy drips, using pep- 
tonized milk. It is important to keep up a constant supply of fluids 
in order to prevent the horrible drying and cracking of the tongue and 
lips which will otherwise appear. When there is urinary retention he 
should be catheterized at least twice in twenty-four hours. This will 
prevent overflow and soiling of the bed. The bowels should be moved 
by daily enemas and soiling prevented by proper diapering. The most 
troublesome feature of the treatment is taking adequate care of the 
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sputum. We have found it most feasible to use old sheets or gauze 

as a bib and draped about the head of the bed in order to catch the 

expectorated sputum. ‘These sheets are, of course, later burned. Clean- : 
liness of mouth and body and prevention of bed sores are important 
measures. In short, in the absence of specific therapy, these patients 
are at least deserving of decent, humane nursing and whatever comfort 
the attending physician can procure for them. 


The following brief case reports are appended as of special interest: 


Case no. 1. Meningitis with hemiparalysis and aphasia. J. B., hosp. no. 
3456, male, age thirty, admitted October 21, 1919; died December 8, 1919. 
Far advanced infiltration to consolidation, involving the greater part of both 
lungs with cavitation in upper lobes. Since admission patient complained 
daily of excruciating headaches which resisted coal tar analgesics and even 
narcotics. Daily fever to 103° or over, with marked mental depression. 
When seen by Dr. Beggs on December 3, 1919, there was a characteristic 
inequality of the pupils, the right being dilated but reacting tolight. A 
lumbar puncture was done, 20 cc. being removed under moderate pressure. 
Laboratory examination showed positive globulin, negative Fehling’s and 3 
cells per field. Smear negative for tubercle bacilli. On the following morn- 
ing (December 4) it was apparent that the patient had developed a sudden 
right-sided hemiparalysis (arm, leg and face). He did not appear to under- 
stand questions or to be able to answer them. However, he protruded the 
tongue when set an example. Physical Examination: (Dr. Moleen): Spastic 
paralysis right arm and leg. Right side of face weak in all areas, but espe- 
cially in lower portion. Closes both eyes. Divergent strabismus with 
failure of conjugate movements. No nystagmus. Right pupil larger than 
left. Does not respond to light. Bladder distended. Abdominal reflexes 
present. Anesthesia in trifacial and cervical areas. High-pitched short per- 
cussion note over right parietal eminence. Cracked pot sound over left. 
Bilateral increased knee-jerks. Bilateral ankle clonus, more marked on 
right side. No wrist clonus. Babinsky negative on both sides. Oppen- 
heim negative on right, positive on left side. Similar reaction with Gordon. 
Eye grounds: discs are sharply outlined, somewhat paler than normal. Fun- 
dus vessels tortuous. No visible tubercles in choroid. The spinal and 
blood Wassermanns were negative. Colloidal gold gave the following reac- 
tion: 5411111122. Patient was in coma for 24 hours before death. Post 
mortem examination: Numerous tubercles in pia-arachnoid over both Sylvian 
fissures but chiefly in left. Choroid plexus in left lateral ventricle showed 
pin-point nodules. The lateral ventricles were both moderately distended. 
No other lesion found on section. 
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Case no. 2. Meningitis occurring six weeks after operation. L. S., hosp. 
no. 3282, male, age thirty-two, admitted April 10, 1919. Died September 
21, 1919. Pulmonary tuberculosis for five years. Pulmonary lesion: Far 
advanced fibro-ulcerative infiltration to consolidation greater part of both 
lungs. Renal tuberculosis discovered a few weeks before admission. The 
patient also had tuberculous infection of both epididymes. On July 16, 
1919, he was operated upon under spinal anesthesia (stovaine), the left kidney 
being removed. The postoperative course was uneventful and patient was 
ambulant till August 25, 1919, at which time he complained of a severe frontal 
headache and a slight rise of temperature (99.6). There was a great deal of 
mental depression. The headaches persisted. The fever increased daily 
and was remittent in type. There was marked dissociation of pulse and 
temperature. Blood cultures were negative for typhoid or other organisms. 
Widal negative on the seventh and twelfth days. Towards the end of the 
second week patient complained that things looked double and that the light 
hurt his eyes. Lumbar puncture was first done on September 12: 50 cc. clear 
fluid with flocculi was obtained: positive globulin, negative Fehling’s, 43 cells 
to the field, mostly leucocytes. Tubercle bacilli found in the fourth smear 
after one hour’s search. Guinea pig injection of the spinal fluid resulted in 
generalized tuberculosis. Patient was in coma for three days before death. 

Case no. 3. Meningitis following spinal tuberculosis; no fever. B. B., 
hosp. no. 3102, male, age forty-one. Admitted June 16, 1918. Died Feb- 
ruary 1, 1920. Pulmonary tuberculosis for six years before admission. Pul- 
monary lesion: Far advanced fibroid tuberculosis greater part of both lungs 
with emphysema and chronic bronchitis. Complications: Tuberculous 
arthritis, right knee, for three years. Tuberculous epididymes on admis- 
sion, unknown duration. Spinal tuberculosis, with development of kyphus 
in August, 1918: treated by brace. In May, 1919, patient developed symp- 
toms suggestive of cord irritation: weakness of lower extremities, spastic 
gait, exaggerated knee jerks. Chest placed in a plaster cast. During the 
first two weeks of January, 1920, it was noted that there was a marked increase 
in spasticity of lower limbs with more weakness. On January 19, 1920, 
began to complain of severe headaches which persisted. Irrational on Jan- 
uary 26, with marked photophobia, rigidity of the neck and right facial 
paralysis. Tongue deviated to the right. Patient in coma for three days 
before death. Lumbar puncture was first done on Jan. 26: 40 cc. obtained 
under pressure. Laboratory findings: globulin positive, Fehling’s negative, 28 
cells per field mostly lymphocytes; smears negative for tubercle bacilli but an 
injected guinea pig developed generalized tuberculosis. At no time did this 
patient’s fever rise above 99°. 

Case no. 4. Meningitis following spinal tuberculosis. M. W., hosp. no. 
3084, male, age twenty-six, admitted May 30, 1918. Died September 14, 


‘ 
43 
% 
4 
( 


TUBERCULOUS MENINGITIS 791 


1918. Pulmonary tuberculosis two years before admission. Pulmonary 
lesion: infiltration to cavity formation greater part of both lungs. Patient 4 
was ambulant, afebrile and felt well till August 20, 1918. At this time he : 
began to complain of severe pains in lumbar region. Fever increased daily 
till it reached 102° on August 28. Physical examination at this time revealed 
a definite kyphus in the region between the 11th dorsal and 2nd lumbar verte- 
brae which surely had not been present on admission and was not noticed 
previously in spite of monthly chest examinations. During the week follow- 
ing August 28, the patient ran a daily remittent fever of 101° to 103° and _ 
showed marked dissociation of pulse and temperature and was irrational with 4 
a tendency to increasing stupor. On September 9 physical examination 
showed unequal pupils (left larger) reacting sluggishly to light and marked 
rigidity of the neck with positive Brudzinski. Knee-jerks hyperactive on 
both sides with a positive Oppenheim on the right. Lumbar puncture drew 
60 cc. of clear fluid with flocculi under pressure. The globulin was positive. 
Fehling’s negative; 140 cells to the field, all lymphocytes; tubercle bacilli 
found in smears and guinea pig injections resulted in generalized tuberculosis. 
Before death, patient developed a right facial paralysis. No complaint of 
headaches, if present, was made. : 
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PREGNANCY AND TUBERCULOSIS! 


J. H. ELLIOTT 


Toronto, Ontario 


There has been an almost universal belief that pregnancy as a compli- 
cation of pulmonary tuberculosis exerts a serious influence upon the 
course of the disease, regardless of its extent or activity, and that even 
when the patient shows evidence of improvement during the pregnancy, 
she usually fails rapidly during the puerperium or lactation. 

From the time of Louis (1) published statistics have shown that 
women pay a heavier toll to tuberculosis than do men, but recent studies 
compel us to realize that at the present day as far as England and Prussia 
are concerned the reverse is true. Cobbett (2) states that in England 
and Wales a study of the figures, for the first decade of this century, 
shows that four males die from tuberculosis for every three females. 
During childhood and adolescence girls suffer more than boys. From 
the age of twenty onwards young men begin to die from tuberculosis 
more frequently than young women; and the maximum disparity is 
reached between forty-five and sixty-five, when the mortality among 
men is twice that among women. For the age period twenty to twenty- 
four, 122 males die for every 100 females; from twenty-five to thirty-four, 
131; and at age thirty-five to forty-four, the proportion reaches 153 
to 100. 

A study of vital statistics does not suggest to us that pregnancy and 
childbearing exert an extremely unfavorable influence. Except in the 
patient with far advanced phthisis, we not infrequently find that our 
patients appear definitely improved during the period of pregnancy. 
There may be no marked change for the better in the pulmonary findings, 
yet the general nutrition suggests a beneficial influence. In the re- 
searches of P. Bar, quoted by Robin (3), we learn that in pregnancy 
the healthy mother fixes more nitrogen, utilizes in a better manner the 
sulphur of her albuminoids and the iron of her food and at the same time 
mobilizes a larger quantity of phosphorus and lime. Meanwhile more 


1 Read at the Fortieth Annual Meeting of the Ontario Medical Association, Toronto, 
May 27, 1920. 
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oxygen is consumed and more carbon dioxide produced. All this 
represents a form of hypernutrition, the products of which, intended for 
the foetus, can be very useful to the mother, who thus derives a certain 
profit from her greater histogenetic activity. For the patient to benefit 
by this hypernutrition she must eat, digest, and assimilate well, other- 
wise her own tissues will suffer. During the last two months of preg- 
nancy she has to provide for the osseous system of the foetus, and to 
do this there is a demand for decalcification of her own osseous system, 
the reserves of which have already perhaps been depleted on account 
of her tuberculosis, and this leads to a condition of demineralization 
unless digestion and assimilation are active. 

The nausea and vomiting so frequent early in pregnancy are strikingly 
absent in the majority of the tuberculous. With enhanced appetite 
and good digestion the general condition improves and with this there 
is not infrequently a decided change for the better in the pulmonary 
process. This change for the better I have noted in cases in which it 
was considered that the condition of the lung was such as to warrant 
an interruption of pregnancy. So frequently have I seen a patient do 
well after interruption had been decided upon but for various reasons 
not undertaken, that I am convinced that this procedure is never justifi- 
able without a most careful survey of the case from all points of view 
and especially that of further observation. 

In the light of experience, knowing how well some patients do when 
left alone and how badly others do who are treated by emptying the 
uterus, it would seem most difficult to make a just prognosis in any 
large proportion of cases. I have seen cases in which tuberculosis became 
active during pregnancy and which grew steadily worse. I have seen 
as many do badly when abortion was performed, and death has resulted, 
both when interference was undertaken and when not. 

The effect of pregnancy upon the tuberculous patient is influenced 
by numerous conditions, (1) the stage and activity of her disease, (2) 
her general nutrition, (3) the care and attention given during and after 
pregnancy,—upon these rather than whether pregnancy is interrupted 
or allowed to proceed. 

The patient with quiescent disease and good nutrition and digestion 
will probably give birth to a strong healthy child. If relieved of the 
care of the child and of lactation she will probably pass through this 
latter dangerous period without recrudescence of her symptoms if kept 
at rest for a period of six to eight weeks. 
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If the disease be active it may become more acute either during preg- 
nancy or more probably during the puerperium; and the more advanced 
and active the disease, the greater the danger. 

It is possible that in the early months of pregnancy in a woman 
with slightly active disease, vaginal hysterotomy under gas and oxygen 
anesthesia may be undertaken without ill effect; but, generally speaking, 
the value of inducing abortion, as usually undertaken, may be considered 
at least questionable and the operation in my opinion is rarely justifiable. 

We must, however, recognize that pregnancy is always to be looked 
upon as a serious complication in the tuberculous and is to be avoided. 
When it does occur the patient must be placed under strict treatment, 
with the obstetrician and internist working in codperation. 

Labor should be made as easy as possible. No patient is to be allowed 
to go beyond term; and in many cases it would seem desirable to induce 
premature labor two or three weeks before term. The second stage of 
labor is to be made as short and as free from pain and exhaustion as 
possible. After parturition the child is to be taken away from the 
mother in order to avoid infection, and to save the mother the strain 
of lactation. 

With the tuberculous mother the usual nine days of bed rest must 
be extended. Less than four weeks’ bed rest is rarely justifiable and 
with active disease a much longer period is to be insisted upon. In 
the absence of active symptoms, temperature observations and frequent 
chest examinations are to be undertaken to recognize the appearance 
of any sign of reactivation. In short, a strict regimen of bed rest is 
to be observed, not only during the pregnancy but for a variable and 
prolonged period after delivery. 

The child is usually born healthy and free from disease. The danger 
of infection is postnatal and the mother must not be allowed to care 
for the child. 

The dictum of the French clinicians sums up several points of impor- 
tance to the tuberculous. Ifa girl, no marriage; if a wife, no pregnancy; 
if a mother, no suckling. 

Time will not permit a discussion of the question of the marriage of 
the tuberculous, and though relevant is not within the scope of this 
paper. 

In recognizing the gravity of pregnancy as a complication of tuber- 
culosis, it is our duty to warn our patients of the dangers which accom- 
pany it, and it is but humane and just that they be instructed how to 
prevent conception. 
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Though pregnancy has generally a disastrous effect upon phthisis, phthisis, 
unless far advanced, has little effect upon conception and pregnancy. Pro- 
creative power is said to be somewhat above the average in phthisical women, 
but sexual appetitie is not much impaired except in the last stages of the 
disease. When pregnancy occurs the child is usually carried to the full term 
and born in the natural way. Abortion rarely occurs unless the phthisis 
be far advanced or associated with high temperature and violent coughing. 
When artificially induced it produces more harm than if the pregnancy had 
been permitted to run its full course. 


This is West’s wise summary. 

Recent reports have been made upon a series of cases: by Norris and 
Landis (5), 68 cases; by Walsh (6), 38 cases; and by Stewart (7), which 
have given us much further light upon this subject and allowed us to 


- formulate a series of conclusions. 


Walsh agrees rather thoroughly with Robin (3) that we should forbid 
marriage to tuberculous subjects, though he thinks the quiescent case 
may marry after treatment and education. In his opinion pregnancy 
is to be forbidden to the phthisical but if it should occur it should not 
be interrupted, for, putting aside criminal abortion which might be 
encouraged by such advice, the mother will lose by this procedure more 
than she can gain, as the mortality in a series of cases is just as great as 
in natural parturition and its consequences. 

Walsh also quotes the French school with Pinard at its head, whose 
experience makes them forbid the interruption of pregnancy in all 
stages, for even when the tuberculosis is advanced and acute they contend 
that at best it is only the destruction of a healthy life in order to lengthen 
a sickly one. 

The views expressed by Flick (8) should carry much weight: 


I believe that if every pregnant woman coming under observation, whether 
she be in the early or advanced stage of tuberculosis, is carefully treated dur- 
ing her pregnancy and aseptically delivered, her chances of life, aside from 
those of the life of the child, would be much better than by the termination of 
pregnancy. This opinion is based upon a rather large experience. Of course 
we all agree that if pregnant tuberculous women are allowed to go without 
proper care evil results will follow. I think, however, that as conservative 
physicians it is our duty to try to save life, not only the life of the mother 
but of the child. Furthermore, that if it is possible by proper scientific 
treatment during the pregnancy to make the woman’s chances of life even as 
good without abortion as by terminating pregnancy, it is our duty to follow 
this course. 
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SUMMARY AND CONCLUSIONS 


1. Tuberculosis of the lungs exerts practically no influence against 
conception. 

2. It seems to exert little influence on the course of pregnancy and 
unless the patient is in a far advanced stage of the disease has little or 
no tendency to cause abortion, miscarriage or premature labor. 

3. Pregnancy may prove a dangerous complication in tuberculosis 
of the lung, especially if the disease be active. 

4, A woman with active tuberculosis of the lung should not marry. 

5. A tuberculous woman should not become pregnant unless her 
lesion is limited and active signs have been absent for at least two 
years. 

6. There are no rules we can follow which will aid us to determine with 
certainty which cases will bear the added strain of pregnancy well and 
which badly. It is equally difficult to determine in what cases an abor- 
tion will improve the future prospect of the pregnant woman. As in 
all forms of treatment of tuberculosis we must individualize, all rules 
fail. 

7. Intervention after the fifth month rarely gives satisfactory results. 
Prior to the fourth month, it is possible that the mother’s future may 
be improved by emptying the uterus through the modern operation 
of vaginal hysterotomy under gas and ether anesthesia, that is, by 
avoiding shock incident to a prolonged operation or ordinary anesthesia 
or loss of blood. 

8. Labor should be made as easy as possible. The induction of 
premature labor two weeks before term may be advisable. 

9. The tuberculous mother must not nurse her child. 

10. The ordinary hygienic and dietetic treatment of tuberculosis must 
be strictly observed during pregnancy and the puerperium, for at least 
six weeks after all evidence of pulmonary activity has subsided. The 
obstetrician and the internist should work in closest codperation. 

11. A pregnant woman, giving a history at all suggestive of pulmonary 
tuberculosis, should be subjected to a thorough examination by a 
competent internist at the earliest possible date. Only in this way can 
the proper treatment be instituted at the time when it is most valuable. 
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CLIMATE! 


LEROY S. PETERS 
Albuquerque, New Mexico 


One almost feels as though an apology should be offered for presenting 
a paper on climate before the National Association. On the other 
hand, it is my firm conviction that an honest paper on this subject has 
yet to be written. This paper, I trust, bears at least the ear marks of 
truth, and is, I assure you, written with a desire to solve as far as it is 
humanly possible this perplexing question. 

There is no more apt illustration of the spirit of reform than the refor- 
mation in the treatment of tuberculosis which swept this country a 
number of years ago, when a few good institutions showed the medical 
profession what good results could be obtained in one’s home climate. 
Up to that time people had been advised to go West and rough it: a 
glance at a mountain peak, a breath of ozone and the trick was turned 
—a cure for tuberculosis. | - 

With such advice, results were more or less disappointing, while with 
proper care in well conducted institutions in Eastern climates, results 
were more or less gratifying. The pendulum swung,—it couldn’t help 
it. It more than swung,—it turned completely over; and it required 
years before the more honest members of the profession were willing 
to grant any value to climate. 

What happened? The Western man looked into the future and saw 
the vast reaches of the Southwest without a consumptive. His hopes 
were blasted. His livelihood was gone. To save the day, he rallied 
his forces and at once began to herald the value of climate. His particu- 
lar spot in all the Southwest was the one particular niche that Nature 
had set aside for the unfortunate consumptive. The remaining towns 
were either too hot or too dry, too high or too low. He had made a 
thorough personal inspection of each and every canyon and after an 
exhaustive research had hit upon his particular locality as the only fit 
spot in which to get well. This, of course, brought forth a storm of 


1 Read before the Clinical Section of the Sixteenth Annual Meeting of the National 
Tuberculosis Association, St. Louis, Missouri, April 23, 1920. 
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protest from the other Western resorts, and, as a consequence, the West 
found itself in mortal combat. The question at once presented itself, 
how, when we were not at all agreed as to the value of climate, could 
we ever hope to convince our Eastern colleagues? And I am forced to 
confess we never have. We stfill wrangle and get nowhere. 

It is interesting to note that little scientific work to prove or disprove 
this value of climate, has ever been published. We know that elevation 
increases the red blood cells, and that, with increasing elevation, there 
is a physiologic increase in the expansion of the chest from one to four 
inches. We also feel sure that white cells, especially the lymphocytes, 
are increased markedly by altitude, and that the average blood pressure 
of consumptives is equal to the average for normal people at sea level. 
We think blood platelets are increased by the same means, and yet we 
must admit that all these changes are due to the elevation and not to 
dry air and sunshine. On the other hand, the results in the treatment 
of tuberculosis are equally as good in the low elevation of the Southwest 
as in the higher altitudes. These facts make us pause. Possibly the 
arguments of those who are not biased and who enter this controversy 
with an open mind, that the changes are all physiological and necessary 
for the proper maintenance of metabolism, are right. For my part, 
Idonot know. My honest opinion is that nobody knows. . 

Another point of great interest is the change of heart seen in the men 
who have worked East and West. Like myself, when they first come, 
they are carried away with the absolute change of environment. They 
are imbued with the perpetual sunshine,—the ease with which one 
chases a cure, the cheer that climate gives one, and, true doctors always, 
they rush into print telling of the marvels of climate and the great 
advantages the West has over the East in the treatment of tuberculosis. 
The result is a one-sided paper praising the West and damning the East, 
and keeping honest men as far apart as ever. 

There are two reasons for this: one is commercial; the other, an 
opinion formed by first impressions. The man who writes commercially 
is hopeless: the other may in time develop into an asset rather than a 
liability. 

Truth, apparently, is not one of the most conspicuous virtues of the 
average man East or West. Disadvantages of particular localities are 
expounded as advantages. I often wondered just what value lay in 
the dust storms which sweep the plateau region every spring; and it 
was not until the vast knowledge gained during the war that an explana- 
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tion offered itself. The fact that the inhalation of cigarette smoke due 
to its irritant effect on the mucous membranes tended to stimulate a 
reaction that raised the resistance of the cells locally, thereby protecting 
the smoker rather than making him more susceptible to disease, proved 
beyond the question of a doubt that the dust storms in the Southwest 
act in the same marvelous manner. I can go a step farther and show 
that owing to the large lime deposits in the soil, the:dust tends to carry 
these salts in large quantity into the consumptive’s system, thereby 
overcoming the lime starvation which supposedly takes place in tuber- 
culosis. Another important point for climate. This, gentlemen, is 
humbug, but I leave it to you if it is not as convincing as most of the 
scientific arguments so far brought forth. 

Personally, I have never noted harm from such storms, but I grant 
they are very disagreeable when they occur. But why place them in 
a category by themselves as one strong reason why an individual should 
not seek a change of climate. Are there not as serious drawbacks in 
the Eastern section of the country? 

I believe there should be a broader bond established between East 
and West. Education tends to overcome great obstacles, and I am 
convinced that if once the Eastern physician could visit this section and 
acquaint himself with facts gleaned from personal observation, there 
would be less misunderstanding. We were all, broadly speaking, Eastern 
men originally. We all obtained our education in Eastern and middle 
Western schools, and our own ideas of medicine are yours. Sometimes 
I am conceited enough to think that many of our men are even broader- 
minded than your great average. 

The same fundamentals in medicine are taught among us as you teach, 
and most of the men in tuberculosis work are human beings like your- 
selves. The West is young; but add to her energy years of experience, 
and there must be no great difference of opinion. We know the con- 
ditions under which you treat tuberculosis. But do you know ours? 
We have as well-equipped institutions throughout the Southwest as 
you have East. Not in numbers we grant, but the averages are as good. 
Before talking climate, learn that the elevations in New Mexico and 
Colorado are, to all intents and purposes, the:same; and that when you 
seek lower points, Arizona has them to offer. This may seem elementary 
but the ignorance of the Eastern physician, on just such points as these, 
is appalling. He does not know the A, B, C’s of Southwestern con- 
ditions, and yet he will attempt to advise his patient intelligently. 
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Then there are a large number of Eastern physicians who feel that 
the West is filled with an incompetent profession, and who send their 
patients to the well country advising them strongly against seeking the 
advice of a physician in that country. It is not at all uncommon to havea 
patient drift into the office for consultation, who says that he has been 
West for months but has never consulted a doctor, for his family phy- 
sician had said, ‘Go West and rough it, but whatever you do, stay away 
from the doctors.” Usually this type of case has thrown away what 
chances he or she may have had in the beginning of their trouble. Advice 
such as this can only be considered criminal, and yet hundreds of health- 
seekers are receiving it yearly. If the Eastern physician who gives such 
advice cannot acquaint himself with conditions in the Southwest, he 
should cease to send patients there. It is unfortunate that such ignor- 
ance must be tolerated by the better elements in the profession, for 
the unfortunate consumptive is the victim, the one who suffers by reason 
of such ignorance. 

As I have previously stated, education is the solution of this problem, 
but this education must be from personal experience and observation. 
It has been my experience that Eastern men, who have visited the South- 
west, go back with a much better impression of the profession and the 
means of caring for the tuberculous, than they had before such visit 
was made. 

The old West is a thing of the past. Throughout even the remote 
corners of this vast region, the modern idea has caught root. Aside 
from the general topography of the country, one sees towns and cities 
in no particular different from the East, and the people themselves are 
far less provincial. 

I have told you thus far much that may make- you feel that I am 
not a believer in climate. In fact, I may even gain the enmity of that 
part of the profession of the Southwest who may be classed with those 
whose commercial instincts have overgrown their scientific instincts. 
But I am a believer in climate. No man could live in the Southwest 
fourteen years and not be. The sunshine is contagious; the few cloudy 
days perhaps somewhat a relief. The very atmosphere of the country 
spells health. Well people feel better in the stimulating air of the 
mountains, and a large number of Eastern failures are given a lease 
on life yearly. I am convinced that in well-conducted institutions 
there the results are 10 to 15 per cent better than in Eastern sanatoriums. 
On this, then, I base my belief in climate. But when all is said and done, 
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the question of climate can be summed up in the one word, luxury. I 
say this advisedly, for the Southwest is not the place for a poor patient. 
No one with tuberculosis in an active state should be sent to the best 
climate on earth without sufficient means to last him a year in idleness. 
If the Fates are kind, he may be in a position to work before that time, 
but much more often he is not. 

Let me emphasize for the benefit of the doctor who forever misunder- 
stands that I lay stress on sufficient finances for the patient’s sake, and 
not my own. It is far more important that the patient be placed in 
the home state sanatorium where proper care and attention can be 
given him, than to send him to the best climate the world affords where 
he must live under poor conditions and work to gain even the bare 
necessities.of life. Work and tuberculosis do not go hand in hand, yet 
many times every month I see patients who have been sent to the South- 
west, and on arrival have barely enough to pay board and room one week. 
If they have the price of a ticket home, I advise that they use the money 
to return and enter a local institution, for any honest man knows that 
care and good food plus proper supervision are far more essential than 
climate. Lest I again be misunderstood, I state most emphatically 
that the same honest men know that care, and good food, plus proper 
supervision plus climate make for all that is best in the treatment of 
tuberculosis. Move a pauper from the slums of a great city to a county 
or state sanatorium, and you have changed his climate and given him 
an opportunity to get well. Change a man of means from the East 
to the plateau region of the West, and you have given him the same 
opportunity. The question of change is the keynote to success. 

One hears a great deal from the anticlimate man about the long 
journey, the terrible homesickness incident to change, the inability of 
relatives to be nearby, etc., etc. 

Homesickness is a figment of the imagination. It is seldom that I 
encounter a patient who gives me worry from this condition, and when 
I do, it is a problem of the hopeless patient rather than the one who 
offers chances of a result. One out of ten may suffer from this condition, 
but the chances are equally good that this individual would be home- 
sick anywhere. The ability of relatives to visit at intervals would give 
no relief to people so constituted. 

Another bugaboo that clings to the mind of the average Eastern 
doctor is the question of elevation and hemorrhage. From a careful 
study of statistics, I can find no reason for such belief. If statistics 
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ever proved anything it is the fact that hemorrhages are less frequent 
at higher altitudes than at sealevel. Throwing this pertinent fact 
into the scrap heap, it is a matter only of clinical observation to know 
that they occur with no more frequency at six thousand feet, than at 
lower altitudes or the seashore. I have seen patients placed on a 
train in the East and the bleeding continue until they reached the 
higher altitudes, when it stopped. I have seen them sent from Albu- 
querque, bleeding profusely, and reach a low elevation and die of a 
severe hemorrhage. To cite the reverse, I have seen them sent up with- 
out hemorrhages, and die on arrival with hemorrhage. I have seen 
them have hemorrhages going and coming—in elevations and out of 
elevations; and the one glaring significant fact that presents itself for 
consideration is that we don’t know anything about hemorrhages, why 
they have them, or why they don’t. But we do know, and any honest 
man will bear me out, that therapeutic elevations have no influence, 
one way or another, on the occurrence of bleeding, and that a hemorrhage 
case is as safe in one part of the country, as it is in another. 

Another misgiving, that has torn the mind of patient and physician, 
is that of returning to the home climate once a result has been effected 
in the West. Arrested tuberculosis is arrested tuberculosis. Once this 
has been accomplished, there is nothing against the patient’s return 
home. In other words, he can live East exactly as well and with exactly 
as much safety as though the result had been attained there. I, person- 
ally, feel that one’s best chances of permanent result lie in living West, 
whether the cure were obtained here or in an Eastern climate. On 
the other hand, I have many patients who have returned home and 
have enjoyed good health for years under adverse climatic conditions. 

Again, let me question the belief in unbearable summers. During 
my fourteen years in New Mexico, I have never suffered from heat, 
and that is much more than I can say for my home climate in the Great 
Lakes region. June is the hottest month, the so called rainy season 
starting in July and continuing through August, with a shower two or 
three times weekly. The remaining summer is delightful. The nights 
are always cool, and one requires a blanket even after the hottest sum- 
mer day. For this reason, it is needless to keep patients from climatic 
change until the fall months. One season is as comfortable as another. 

I often wish that I could be at the other end of the line to advise 
patients relative to climatic change. Once the diagnosis of tuberculosis 
is decided upon, an honest attempt can be made to try out the home 
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climate. Usually a question of four or five months under careful super- 
vision will at least do the patient no harm. Note that careful super- 
vision, success or failure depend wholly upon that one factor. At the 
end of that period, if the patient shows no evidence of getting better, 
or the general condition is worse, do not keep them indefinitely in a 
vain endeavor to have a miracle happen, but advise climatic change 
at once. We receive then a patient who has had good training and who 
offers a reasonable chance of recovery, instead of a far-advanced, hope- 
less consumptive who probably dies within six months of arrival. He 
curses the climate for not furnishing him with new lungs, and his friends 
and relatives for generations to come tell the world that the Southwest 
is the last place on earth to take a consumptive. 

Not so long ago, the Public Health Service made a survey of conditions 
in the Southwest, and this investigation showed that nearly 50 per cent 
of the tuberculous died within six months of arrival. This, gentlemen, 
is not an argument against climate, but rather a sad commentary on 
the advice to dying consumptives by men East, who are supposed to 
exercise average intelligence in dealing with patients. 

There are certain types that do not do well at high elevations, and 
when a change is advised, these patients should be sent to low points, 
such as Tucson or Phoenix, Arizona. Patients with a marked amount 
of fibrosis or with well-developed kidney lesions, or with heart lesions 
that are not compensated should not be sent to the altitudes of the 
Southwest; but they can be given the opportunity to enjoy the advan- 
tages of a dry climate in the resorts mentioned. 

Again let me state that I am a believer in climate. I repeat this for 
the benefit of those who may think Iam not. My only object in reading 
this paper was to attempt to unravel the tangle relative to climate and 
tuberculosis; a tangle that was made by the ignorant physician both 
East and West, or by his equally dangerous brother, the commercial 
doctor. When the millennium dawns, these two enemies of humanity 
may become extinct, but until that time, like the poor, they will be 
always with us. 

You will note that I have attempted to prove nothing from a scientific 
standpoint. As a matter of fact, as I told you in the beginning, we have 
proved nothing. The scientific arguments presented for climate have 
not held water. We need men with time and money to do real climatic 
work; to show why better results are obtained here than elsewhere. 
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At present, we have only clinical impressions and they do not convince 
the skeptical. We are working in a circle and this leads us nowhere. 
Some day I hope the impressions gained by men working in favorable 
climates will be possible of scientific demonstration; but, until that 
time, let us have done with petty differences, and advise patients intelli- 
gently, regardless of whether we live East or West, North or South. 


a 


BOOK REVIEW 


A Study in the Epidemiology of Tuberculosis, with Special Reference to Tuber- 
culosis of the Tropics and of the Negro Race. By GrorcE E. BUSHNELL, 
Ph.D., M.D. (New York: Wm. Wood & Co., 1920, pp. 221.) 

The author of this work is the well known phthisiologist who for many 
years was in charge of the army sanatorium at Fort Bayard, New Mexico. 
His skill in organizing a staff and carrying through a successful examination 
of the Army during the Great War did much to eliminate tuberculous recruits. 
His long experience and study of tuberculosis in the mass by virtue of his 
position, together with an undoubted familiarity with, and study of, the 
literature of disease in foreign peoples, make this book of especial importance. 
It is also needed at this time when confusion of ideas on infection in tuber- 
culosis prevails. Sanitarians will find in it wholesome views tending to modify 
extreme measures for the attempted control of infection. Colonel Bushnell 
has taken a wide look over the world; no country or island of the seas has failed 
of his scrutiny where observations on tuberculosis have been recorded. If 
undue emphasis is here and there evident in his critical analysis of the obser- 
vations, so much has been brought together in harmony with the conclusions 
that the reader is compelled to recognize the truth of his thesis even if he 
questions some of his conclusions. 

The conflicting ideas as to etiology both in the pre-Kochian and modern 
era are presented to show clearly the entire inadequacy of such explanations 
as climate, atmospheric conditions, inheritance and racial susceptibility. 
Liberal quotations from French, British and German colonial experience 
throw these contradictions into sharp relief. After pointing out the necessity 
in the past three decades of ascribing to predisposition the different types of 
tuberculosis, the author again demolishes this theory by contrasting the 
tuberculized races and those but recently exposed to infection. 

In no previous work has so much information on the dissemination of tuber- 
culosis among uncivilized, tropical peoples been brought together and the 
acute infectious chardcter of the disease among them depicted. With the 
exception of the tropical portions of Asia, the Philippines, Samoa and Hawaii, 
where the disease has prevailed many years, tropical Africa and the islands of 
the Pacific exhibit the true primary form of tuberculosis. Japan, China and 
India have been so long tuberculized that they do not present many more 
of the acute, primary cases than do the European countries; in fact, the 
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author comments on the relative infrequency of tuberculosis among the masses 
of Chinese and Indian populations, when their extreme poverty, poor vege- 
tarian diet and hopeless insanitation are considered. He cites also the experi- 
ence of Germany during the war, from Colonel Bruns’s report on the area 
occupied by the United States Army. While the tuberculosis mortality has 
greatly increased, it has not been in the curve of the acute miliary form, but 
of the more chronic pulmonary cases. 

Under modes of infection he considers “‘that we must look beyond immediate 
contact with cases of open tuberculosis or their infected surroundings, to 
account for the practically universal dissemination of the tubercle bacilli 
under the conditions of civilization.” 

It is probable that children who live with consumptives are likely to get 
a more severe form of infection than others not so exposed, but in the latter, 
besides their getting a smaller dose, he admits the possible attenuation of the 
bacilli. The statement may be fairly questioned “‘that the tubercle bacillus 
retains its vitality almost indefinitely if not exposed to direct sunlight.” It 
may be admitted “that its virulence is somewhat reduced by desiccation,” 
although it is by no means ascertained that such apparent loss of virulence 
is not explainable by the small number of bacilli remaining alive, thus reducing 
the dose. Bushnell also recognizes this and believes that one of the blessings 
of civilization is that we obtain a gradual vaccination against tuberculosis 
through handling innumerable objects contaminated by a few weak bacilli; 
whereas the promiscuous life of the savage, eating from a common dish, etc., 
produces massive infection. The author also raises the question whether the 
individual who acquires a tuberculous infection, without becoming an open 
case, may not become a “carrier” as in typhoid fever. If so, this would 
account for some unexplained infections of unprotected savages. 

The studies of Much among the Jews in Jerusalem are quoted at length, 
where by the cutaneous tests it was found that 90 per cent reacted. Those 
who came to the city from Arabia mostly failed to react and showed manifest 
disease when they did respond. 

It is thus seen that susceptibility is not racial because the European Jews 
generally manifest great resistance to the disease. Tracing the history of 
the infant through childhood and up, the author brings out the well known 
facts of gradual infection and acquired resistance for the majority of civilized 
and cleanly adults. He is strongly of the belief that reinfection from outside 
is rare in adults thus infected and only when primary infection is insufficient 
is the way open for new infections. There are, broadly considered, only three 
forms of tuberculosis: (1) Tuberculosis or chronic phthisis in the more or 
less well immunized subject. (2) Tuberculosis of the imperfectly immunized 
subject, characterized by large lymph nodes, spreading by lymphogenous 
extension to the viscera: bones and joints are involved in this form of disease 
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as well as the skin and serous membranes. (3) Primary tuberculosis as it 
appears in a young child and natives of countries remote from civilized peoples.’ 
Significant histories of certain races now almost extinct are given, to illustrate 
the devastation that civilized man has often wrought by exploiting the labor 
of such natives, and even by innocent missionary enterprises. These passages 
in the book are of absorbing interest and deserve close attention for the lesson 
they teach. 

Where races have not been exterminated by the various diseases of civilized 
man, a process of gradual tuberculization occurs with the result that the disease 
becomes more chronic. After the lapse of decades or centuries the forms of 
the disease are the usual ones met with in cities. Any differences in the clinical 
course of the latter may be accounted for by environment, habits and priva- 
tions suffered by the victims, rather than by a hypothetical predisposition, 
inherited or acquired. It is worth noting in passing that complete confirma- 
tion of these views is found in the observations by Colonel S. Lyle Cummins, 
professor of pathology of the Royal Army Medical College, London, recently 
published (1) and by Borrel (2). Both writers bring fresh proof of the ravages 
of acute tuberculosis among Africans, Madagascans and Fiji Islanders who 
were employed during the Great War. 

Under the head of diagnosis, Bushnell gives much space to the tuberculin 
tests, advocating the cutaneous test on a large scale for the discovery of 
“unprotected” persons and for epidemiological study. He recognizes the 
Stich and subcutaneous tests as more searching and sees no danger in the 
latter for inactive tuberculosis: on the contrary it is probably beneficial. 
Suspected sick persons should not be given the subcutaneous test. A certain 
number of persons who do not react to high and repeated doses apparently 
harbor infection, but the well nigh complete tuberculization of adults is 
recognized from pathological studies. It is not established that infection in 
adult life, as found in Africans and Pacific Islanders who become tuberculin 
sensitive, develops an efficient immunity, but it is important to note that they 
do not immediately develop the disease. This point needs further study upon 
the natives of the tropics. . A great responsibility rests upon physicians when 
uninfected persons such as groups of laborers are brought into infected sur- 
roundings. There are apparently many individuals in country districts who 
are infected by itinerant peddlers and their wares. 

“On account of the almost universal immunization of our race from early 
tuberculous infection, our sense of tuberculosis as a communicable disease 
has become blunted.” “But tuberculosis,” as Hamburger says, “‘is really 
as infectious as measles.” The author then cites examples of the difference 
among the natives of Cape Colony before and after it became a health resort 


1 In reverse order, these divisions are similar to those of Karl v. Ranke, based on patho- 
logical and physiological studies. 
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for the tuberculous. A great increase of tuberculosis followed their visits. 
Examples of the actual opposite condition are found in Davos, Switzerland, 
and Lippspringe, Germany, where the native death rate declined. Bushnell 
emphasizes the fact that differences in sputum hygiene do not account for 
these facts since droplet infection and contaminated objects cannot be avoided. 
The difference is solely due to the immunity from previous infection of the 
dwellers of the European resorts. 

Prophylaxis then becomes prevention of tuberculous disease and diminution 
of chances for massive infection so that “the initial dose of tubercle bacilli 
shall be small. . . . Secondly to improve the health of the community 
to the end that the immunity gained by a fortunate initial infection shall not 
be impaired, that vaccination shall not be converted into manifest and 
dangerous disease.” It is inferred that the writer does not favor proceeding 
beyond these measures in the suppression of the infection at present. 

He gives a chapter to treatment of the disease in the tropics and advocates 
efforts to carry out the usual measures, even in a hot and moist climate, though 
elevated places are better. Robert Louis Stevenson is mentioned as an 
example of recovery in a hot climate (though it may be questioned whether 
he had not recovered long before he went to Samoa). 

In referring to the American Negro and Indian the writer disputes the idea 
that the former was free from tuberculosis until freed from slavery, and he 
regards the negro as having been already well tuberculized at that time. The 
great increase of disease since the war must be explained on other grounds, 
chiefly his disadvantages in industrial and housing conditions and in careless 
living, diseases, etc. The Indians, however, present a race imperfectly tuber- 
culized or not at all. He gives a vivid picture from personal experiences with 
Sioux prisoners, of the contrast between the agency Indians, who were much 
diseased, and the “wild” ones who had not encountered infection. Epidemics 
of tuberculosis have been reported but are doubted, when chronic disease is 
the form described. 

Under ‘Practical Considerations” the author mentions the prime impor- 
tance of protecting infants and children from massive infection. Bovine and 
human types of bacilli are reciprocal in immunizing power, but he thinks the 
human infection usually antedates the bovine, which is therefore of little 
importance and ineradicable in any case. ‘Civilized man can never escape 
the danger of infection with the tubercle bacillus.” If we succeeded in doing 
this “we should also lose the benefits of tuberculization.” ‘We are not yet 
ready for it. . . . The watchword should be: vaccination for all—no 
manifest tuberculosis for anybody!” He advocates an “artificial, premedi- 
tated infection” when the time is ripe to begin it, after further study. A 
hope is expressed that more delicate tests even than tuberculin may be devel- 
oped from laboratory study. 
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In a summary, excellent and thoughtful conclusions are set forth in a logical 
way, ending with the fervent hope that the time may come when Nature’s 
wasteful method of tuberculization may be replaced by a scientific, artificial 
inoculation. 

The reviewer commends the book to those who are puzzled over the problem 
of contagion in tuberculosis. It is likely to evolve mingled sensations of 
fear and thankfulness to read that for our own good we should acquire a little 
tuberculosis and take our chances that it shall remain dormant. The logical 
bearing of this principle on health board activities speaks for moderation, 
less persecution by the public of decent tuberculous patients and fewer cases 
of cocksure infection of adults from association with such patients. 

It seems pertinent to make note of some contemporary theories on the 
epidemiology of tuberculosis, not touched upon by Bushnell, and propounded 
by Dr. J. Brownlee (3), statistician of the British Medical Research Committee 
of the National Health Insurance. On the basis of the decreased tuberculosis 
mortality in England and Wales, Brownlee finds at least two and perhaps 
three types of tuberculosis: a ‘young adult,” a “middle age” and an “old 
age” type. The “young adult” form is more common in the country districts, 
less where many deaths occur among children, and where milk is much infected 
etc. The “middle age” group is common where the reverse is true. 

Brownlee interprets these findings by assuming, first, the possibility of two 
distinct strains of tubercle bacilli, one with a predilection for early manhood 
and possibly also for old age; the other, for childhood and middle life. One 
is associated with the country, the other with the town. A second explanation 
places the burden of difference on environment. He admits that one type of 
organism may give protection against the other, but considers that childhood 
infection can account for but two-fifths of phthisis in later life, the other 
three-fifths presumably being acquired from a fresh infection. He leaves 
the matter for bacteriologists to throw further light upon and states that 
statistics alone will not give the solution. 

These two standpoints mark the transitions that are taking place in medical 
views of diseases of infectious nature. Much food for reflection may be found 
in them, and, as Bushnell writes, the wider the survey is made, the more the 
truths emerge. 

E. R. BALDWIN. 
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PULMONARY ATELECTASIS AS A SOURCE OF CON- 
FUSION IN PHYSICAL EXAMINATION OF THE CHEST 


HENRY SEWALL 


There are several morbid conditions of the lungs which figure fre- 
quently in medical speech but relatively seldom achieve anatomical 
demonstration. One of them is known as bronchiectasis, another as 
infarct. Each word stands for a state which is distinctly pathological 
and comparatively rare as a clinical certainty. The condition which 
forms the subject of this paper belongs also to the category of things 
more heard of than perceived; but it is not rare. 

Evidence of its existence may probably be found in every healthy 
lung suffering restriction of activity. It is not primarily a disease, 
though prone to accompany disease and in itself no doubt represents 
a large mortality. 

Its importance in physical diagnosis depends upon the fact that it 
may so exactly simulate organic disease within the chest as to deceive 
not only the tyro but the most experienced examiner. The writer con- 
fesses to many personal errors in this field, mistakes which are contin- 
ually being repeated; and this paper is written not to exploit a new fact 
but to impress on others a most insidious and often intrusive source 
of error in conclusions founded on the data of physical examination. 

The term atelectasis is derived from two Greek words meaning imper- 
fect extension. The facts justify a strict rendering of the etymology; 
that is, atelectasis does not necessarily predicate a complete collapse 
and airless condition of the pulmonary alveoli, but also includes any 
reduction in their volume below that normal to the phase of respiration 
at which their state is considered. 

For practical purposes it is convenient to divide the condition of 
atelectasis into three stages, which will be treated more fully later. 

The first is purely physiological and temporary. It involves any area 
of the lungs in which inspiratory movement is markedly deficient, as 
through posture or local inactivity. It requires the exercise of skill 
in percussion for its recognition and the normal resonance is quickly 
restored through deep breathing. The second stage of atelectasis 

811 


~ 
‘ 


812 HENRY SEWALL 


represents a probably more or less complete collapse of the air cells within 
a definite area determined by conditions limiting expansion of the lung 
for considerable periods. Thus, when pleural adhesions impair the 
respiratory excursions on one side of the chest, signs of atelectasis may 
be detected on that side. Prolonged maintenance of the dorsal decubitus 
is sure to be accompanied by progressive loss of air in the posterior and 
basal portions of the lungs. Frequently a relative unilateral immobility 
leads to a fairly well defined area of dulness in the side of the chest, 
easily mistaken for evidence of pleural effusion. This degree of pul- 
monary collapse comes almost daily under the observation of the 
clinician, but its conscious recognition is probably rare. Its true 
nature can usually be demonstrated by the rapid transition of an 
area of percussion dulness into one of resonance through the influence 
of vigorous respiration or with change of posture. The third stage of 
atelectasis probably represents a complete collapse of air cells in a 
considerable area of a lung, so as to simulate closely the condition of 
consolidation or localized effusion. It has been abundantly proved that 
for a variable period after a portion of lung has been rendered airless it 
may be reéxpanded by the insufflation of air; but with continued col- 
lapse organic changes supervene, the lung atrophies and it remains a 
solid mass. 

It is usual to divide the clinical occurrence of atelectasis into two 
groups, the congenital and the acquired. In the first, air cells of the 
foetal lung have not expanded after birth; in the second, lobules that 
once have functionated normally later, under influences that will be 
discussed presently, lose their contained air and collapse through their 
intrinsic elasticity. Early writers describe such a condition as a local 
return of the lung to the foetal state. The present article is concerned 
chiefly with atelectasis occurring in the adult patient, in whom neither 
its frequency nor its vital importance approaches that of the condition 
as it obtrudes in the pathology of infants and young children. It is 
doubtful if any subject in clinical literature will better repay study by 
the pediatrician than this. | 

As will presently be seen, most of the research that has been done upon 
the subject of atelectasis has been concerned with the mechanism of 
its production. It is expedient that we recognize in advance two essen- 
tially different conditions which lead to the establishment of pulmonary 
collapse. One operates within the pleural cavity outside the lung. It 
is elementary knowledge that when a hole is made in the chest wall 
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and the costal pleura, the normal lung immediately contracts to a 
relatively insignificant mass about the hilum by virtue of its intrinsic 
elasticity. This extreme collapse does not signify any excess of pressure 
within the pleural cavity; the pressure within and without the lung are 
identical. If instead of air, fluid be introduced into the pleural space, 
the same mechanical relations obtain. Such reduction of lung volume 
induced from without probably first affects the superficial air cells, the 
contracting walls of which squeeze out their air; but with progressive 
collapse of the lung the air cell collapse probably proceeds in a radial 
direction towards the hilum, the extralobular and intralobular pressures 
remaining equalized. But Traube long ago demonstrated that even 
with a wide-open chest and a lung apparently completely collapsed, 
considerable air was still confined within the organ, for a portion excised 
would float in water. Only after resting an hour or more would the 
tissue become completely airless. ‘The apprehension of these mechanical 
relations is not without value to the clinician who so often has to consider 
the hydrostatic effects of pleural effusions. Especially in recent years, 
when the therapeutic application of artificial pneumothorax has become 
a daily procedure, it would seem important to trace the course of the 
functional and structural changes in the collapsed lung. 

As will be noted presently, the recently collapsed lung maintains for 
a considerable interval its organic integrity and may be completely 
reéxpanded by the insufflation of air under pressure. 

Considerable research has been devoted to the determination of the 
physiological and mechanical changes in the collapsed lung as a basis 
for the understanding of the conditions of development of pulmonary 
tuberculosis. ‘The most recent work in this field is described in a recently 
published study by Corper, Simon and Rensch (1). 

These investigators studied in rabbits the effect of unilateral collapse 
of the lungs on the distribution of various media, emulsions of tubercle 
bacilli, starch, Prussian blue, etc., introduced by the vein. They reached 
the conclusion that neither the quantity nor the local distribution of 
the injected material in the two lungs was altered by experimental 
collapse of one of them whether the injection preceded or shortly fol- 
lowed the induction of collapse. 

Corper and Rensch, continuing this line of research, found that 


Prolonged artificial pneumothorax in rabbits, sufficient to produce a good 
collapse of the right lung, initiated shortly after the intravenous injection of 
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a suspension of virulent human tubercle bacilli and maintained for a period 
of a month by means of the intrapleural injection of air every second or third 
day throughout the experimental period, has no appreciable effect upon the 
size or number of macroscopic tubercles found in the lungs of the treated ani- 
mals as compared to the untreated (controls), or in the compressed right lung 
as compared to the noncollapsed left lung. 


They found, also, that when pneumothorax was established as described 
and was maintained for a period of two weeks, a suspension of scarlet 
R, then injected intravenously, was distributed fairly equally in the 
two lungs. When, however, a like injection was made in a rabbit whose 
right lung had been maintained in collapse for four weeks there was 
appreciably less pigment found in the collapsed as compared with the 
expanded lung.! 

It is important to observe that in the clinical collapse of the lung 
under induced pneumothorax the lung is probably completely quiescent 
only for brief periods. With progressive absorption of the gas intro- 
duced the affected lung must indulge in more and more ample respiratory 
excursions, so that structural changes within it may be indefinitely 
postponed. 

Nevertheless, sooner or later structural changes certainly ensue in 
the airless organ, as was once illustrated to me in the person of a young 
adult Japanese. The patient had evidently long carried a massive 
serous effusion within the right pleural cavity. The fluid quickly 
reaccumulated after each of repeated aspirations. Death followed some 
acute infection and autopsy revealed, as my memory represents it, a 
right lung reduced in size to a solid nodule less than half the size of and 
about the same consistency as a normal kidney, fast to the hilum, red 
in color, smooth in outline and nearly globular in shape. 


HISTORIC CONSIDERATION OF ATELECTASIS 


Few subjects in medicine could from a pedagogic point of view better 
repay historical research than that treated in this sketch. The condition 
of atelectasis was first clearly designated in 1832, and for a score of years 
it occupied a prominent place in medical literature. Thus, Condie 
(2), in the fifth edition of his textbook published in 1858, gives a good 
account of the whole subject; and B. Bischoff (3), in 1854 devotes thirty 


1 Personal Communication. Since the above was written this work has been published in 
THE AMERICAN REviEW oF TUBERCULOSIS, 1920, iv, 769. 
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closely printed pages to an encyclopaedic discussion of all phases of 
atelectasis. But in the two decades centered round the beginning of 
this century all mention of the subject was omitted from most English 
and American works devoted to physical diagnosis. 

Even in Weil’s classical monograph on percussion (4), with pages 
devoted to methods for the determination of the lung boundaries, I 
can find no reference to the important modifying influence of atelectasis. 
Much that had been learned and was worth remembering was later 
forgotten. 

The reader of the early literature on this. subject cannot but feel 
enthusiasm for the exhibition of trenchant pathologic observation, acute 
clinical perception and logical analysis of facts, set forth in scholarly 
language and with graceful acknowledgment of foreign colleagues, 
which characterized the writers of those days. 

The English student will be repaid for a study of the works of West 
(5), Gairdner (6) and Willshire (7). West writes: 


Imperfect expansion of the lungs presents itself to us in two different cir- 
cumstances: first, as a congenital condition, a more or less considerable por- 
tion of the lung never having become penetrated by air, but having remained 


in its foetal state. Second, as an acquired condition: portions of the lung 
which once were freely traversed by air ceasing to admit it; and this not from 
alteration of structure, but from simple collapse of the pulmonary tissue. 


The first clear description of the former of these conditions was given, 
in a dissertation in Latin, by E. Jérg, in 1832. He constructed the 
name atelektasis to designate imperfect expansion of the pulmonary 
tissue. Nevertheless, as quoted by West, already in 1814, a French- 
man, J. A. Troccon, had maintained that discrete areas of pulmonary 
consolidation found in a certain systemic disease were not due to lobular 
pneumonia but to a simple alveolar collapse, and proved his contention 
by causing the consolidated areas to expand in a normal manner by 
blowing air into the trachea. Troccon failed to grasp the broad signi- 
ficance of the facts discovered by himself, and it was not until thirty 
years later that they were rediscovered and their bearing fully elucidated 
by two other Frenchmen, Legendre and Bailly (8). These investigators 
protested against the diagnosis of an inflammatory lobular pneumonia 
so often given as cause of death in debilitated infants and they rightly 
held that the current antiphlogistic treatment by bleeding was con- 
traindicated. They said that in infants which have been long enfeebled 
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the lungs often contain after death a certain number of consolidated 
lobules. This airless condition of the lobules may occur in the absence 
of all inflammation but it usually develops after the advent of bronchiolar 
obstruction caused by pulmonary catarrh of whatever origin. Another 
cause of lobular collapse is pressure of the blood accumulated in the 
vessels surrounding the air cells. This condition is usually found along 
the posterior borders of the lungs and probably corresponds to what 
students.of today know as hypostatic pneumonia a result of the decubitus. 
Whatever the cause of the consolidation, its differentiation from exuda- 
tive lesions which obliterate the air cells is accomplished by blowing air 
into the trachea, whereupon the contracted lobules reéxpand more or 
less to the normal state. This lobular collapse, they said, is very fre- 
quent between the ages of two to five years, then becomes rare, but 
increases again in old age. 

Nearly ten years elapsed before the condition of atelectasis was again 
submitted to critical clinical-pathological investigation by Gairdner (6). 
This observer sustained the conclusions of Legendre and laid special 
stress upon the causative relation of bronchial obstruction to pulmonary 
collapse. Such obstruction, he claimed, was never complete. The 
plug of mucus acted as a ball-valve, permitting air to escape from the 
alveoli during the movement of expiration, but preventing its return 
during inspiratory expansion. Speedy collapse of the air cells was a 
necessary consequence. We cannot here analyze the evidence for 
this interesting conception but, curiously enough, more than half a 
century after Gairdner’s work, Dixon and Brodie (9), in extensive experi- 
ments on the dog, cat and rabbit, obtained results which are possibly 
confirmatory of Gairdner’s hypothesis. These investigators studied 
the volume changes in the lobe of a lung inclosed within a plethysmo- 
graph and supplied with artificial respiration. The important discovery 
had been made that the muscles of the bronchioles are innervated both 
by constrictor and dilator fibers travelling in the vagi. They found that, 
when a part of the lung was rhythmically ventilated under moderate 
air pressure, contraction of the bronchioles led to gradual collapse of 
the part of the lung under observation. That is, air escaped from the 
alveoli when the air pressure was relaxed (expiratory movement) but 
constriction of the bronchi prevented inflow of air under moderate (arti- 
ficial inspiratory) pressure. A steady collapse of the lung therefore 
attended the movements of artificial respiration. The bronchial con- 
striction could, however, be overcome by sufficiently increasing the 
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force of the ventilating current. When this occurred the air cells 
remained continuously distended because the elastic recoil of their 
walls was not strong enough to overcome the bronchiolar contraction. 
Although under artificial respiration intrapulmonary air pressure is 
greater in inspiration than in expiration while in normal respiration 
it is less, these experiments point to the conclusion that plugging of the 
bronchioles under clinical conditions induces atelectasis by valvular 
action of the mucoid obstruction though, as will be seen presently, 
Lichtheim offers a different explanation. Furthermore, it is of para- 
mount importance to apprehend that, in the clinical states characterized 
by atelectasis, deficiency in the force and depth of inspiratory movement 
is a nearly constant condition. 

That experimental plugging of a bronchus was quickly followed by 
collapse of the corresponding part of the lung was shown in 1871 by 
Traube (10) who inserted wads of paper into the bronchi of animals. 
The radiographer of to-day has frequent opportunity of demonstrating 
the apparent pneumonic consolidation of a pulmonary lobe, especially 
in children, which soon follows the accidental aspiration of a foreign 
body, such as a bean or peanut, which slips into a bronchus, swells and 
occludes it. 

The next, and apparently the most recent, investigations of the cause 
of pulmonary collapse which follows occlusion of a bronchus were carried 
out by Lichtheim (11) in 1878. This experimenter rejected the ball- 
valve theory of Gairdner, according to which during the movements 
of respiration air escaped from the alveoli past an obstruction which 
was partial during expiration but which became complete and prevented 
refilling of the air cells when the current was reversed. Lichtheim 
carried out an extensive series of experiments on rabbits, the conclusion 
from which was that all forms of atelectasis, that due to bronchial 
occlusion, as well as that following opening of the pleura, are caused by 
absorption of air from the air cells by the blood circulating in their 
walls. 

These results deserve especial attention since they appear to have 
been accepted without question by recent writers and to have deter- 
mined the modern view. 

Lichtheim appears to have proved beyond dispute that complete 
obstruction of a bronchus, or of a branch thereof, was soon attended 
by complete collapse of the corresponding pulmonary area, and he made 
it well nigh certain that the atelectasis was due to the absorption 


818 HENRY SEWALL 


of air by the circulating blood. But he did not disprove the contention 
that the air cells might be emptied through a ball-valve action of a 
bronchial plug during respiratory movement. On the contrary, Licht- 
heim himself found that when he occluded a bronchus with a laminaria 
plug or by a tight ligature and left the wound open to observe the process 
of atelectasis, collapse did not occur or was much delayed; and the death 
of the animal usually supervened while the lung continued to hold air. 
But if, after occluding the bronchus, the external wound was closed and 
the animal was freed from the holder, it was found, by occasionally 
reopening the wound and inspecting the lung, that atelectasis rapidly 
progressed and after an average interval of three hours the air was 
completely absorbed from the lung. 

It will be noted that in the first case, with opened thorax, there could 
have been no respiratory movement on the part of the obstructed lung, 
while in the second case, with the thorax closed, there must have been 
some, if slight, expansion and contraction of the lung with inspiration 
and expiration. This view is supported by the author’s statement that 
absorption was notably quicker in lungs which were partly collapsed 
at the time of bronchial ligation than in those which were distended at 
the outset. 

The author’s explanation of the difference as dependent on the drying 
of the parts in the open thorax is not wholly satisfactory. Lichtheim 
studied the rates of absorption of air and of its single components from 
occluded portions of the lung. He found that carbon dioxide or oxygen 
alone was absorbed much more quickly than air but that nitrogen was 
absorbed more slowly than air. In favorable circumstances atelectasis 
would supervene in thirty minutes after bronchial occlusion. Where air 
or nitrogen was insufflated the lung might still contain gas after four to 
nine hours. It is noteworthy that the absorption of carbon dioxide 
from the air cells was as rapid as that of oxygen, if not more so. ‘It 
seems possible that some loca] pathological condition of the tissue juices 
might partly account for the absorption of these gases. 


THE PHYSIOLOGICAL BASIS OF ATELECTASIS 


Turning now to the human subject under either physiological or 
clinical conditions, it may be plausibly assumed that temporary collapse 
of various areas of the pulmonary parenchyma is of frequent and normal 
occurrence, just as it has recently been made probable that ordinarily 
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great numbers of the vascular capillaries are collapsed and empty of 
blood. The demonstrable fact that the-lungs, even during extreme 
inspiratory expansion are never, within the closed chest, distended to 
their utmost should make it obvious that the relaxed tissues of the 
poorly expanded lung would more or less fold together and tend to 
obliteration of minute air tubes traversing them. Measurements in 
the human organ have shown that the smallest air cells have a diameter 
of 1 mm. The terminal bronchioles arising from these have lumina 
of 0.18 mm. to 0.22 mm. diameter (12). The stem into which two 
bronchioles unite has a lumen of less capacity than the sum of the 
latter. Considering the normal moisture of the living epithelium, let 
alone the presence of exuded mucus, it is to be expected that in the 
absence of fairly vigorous ventilation a certain degree of bronchiolar 
occlusion must be of common occurrence with sedentary subjects and 
constantly present in most bedridden patients. Accordingly more or’ 
less extensive atelectatic collapse of air cells must be expected in those 
regions of the lungs which are less subjected to inspiratory expansion. 

It is highly probable that the condition of atelectasis, as such, is 
seldom recognized. Only when the examiner definitely thinks atelectasis 
will its signs usually be correctly apprehended, and will then be common 
enough. The existence of atelectasis is recognized clinically through 
auscultation or percussion or both combined. Every careful student 
of physical diagnosis must have noticed, now and then, in the normal 
subject, a change in the resonance of the percussion note as a result of 
change in posture or of vigor in respiratory ventilation. At the begin- 
ning of a physical examination it is common to find a relative percussion 
dulness to characterize a restricted area of the chest, with the underlying 
breath sounds enfeebled but essentially normal in quality. After a few 
vigorous strokes the percussion dulness gives way to normal resonance 
and the respiratory murmur increases in volume. The quasiconspiracy 
of silence that marked the attitude of clinical observers for more than 
half a century was first broken by Albert Abrams of San Francisco. 
This author (13) has repeatedly insisted on the prevalence and impor- 
tance of the atelectatic state not only as a pathological but as a physio- 
logical condition of the pulmonary alveoli. As early as 1894 (14) 
Abrams wrote, “Even in a state of health the lungs are imperfectly 
aerated and in a condition of physiological atelectasis.” 

This author, recognizing the islands of percussion dulness sometimes 
encountered in exploration of the normal chest, finds them to quickly 
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develop a resonant note, not only through forceful percussion but after 
the application of any stimulus, whether electrical, chemical, thermal 
or mechanical, to the overlying skin. He names this reaction the lung 
reflex of dilatation, and implies that expansion of the air vesicles takes 
place through the operation of a reflex arc. 

It may be remembered that Dixon and Brodie (9), and others, pro- 
duced experimental evidence that the vagus nerve carries both dilator 
and constrictor fibers to the bronchiolar muscles which might well 
react to peripheral stimulation of the skin. But it is not clear how 
bronchiolar dilatation alone could cause expansion of the air cells except 
when accompanied by deepening of the inspiratory movement. Never- 
theless, the writer in testing this point, after the crude clinical method, 
has seemed to find a dull area clear up under percussion without simul- 
taneous change in the amplitude of respiration. Abrams locates definite 
peripheral areas, the irritation of some of which constantly causes 
reflex contraction, while stimulation of others as specifically causes 
dilatation of the air cells. His ingenious observations are however 
unfortunately interspersed with such transcendental points of view that 
it is difficult to estimate their value (15). There is enough evidence for 
a reflex control of the bronchial musculature (as in the admitted bronchial 
spasm resulting from irritation of the mucous membrane of the nose) 
to demand a thoroughgoing physiological reéxamination of the whole 
subject. 


THE CLINICAL RELATIONS OF ATELECTASIS 


The foregoing review has been thought desirable to provide a more 
stable basis for the clinical appreciation of atelectasis. 

My own conception of the subject only became focused a few years 
ago under the influence of a spectacular incident. A little boy of six 
years had been through a long and critical illness with typhoid fever. 
Every therapeutic device seemed to fail until the lad was subjected to 
a state of nearly absolute physical repose. Under this treatment there 
was gradual improvement, and hope of recovery was strengthened. On 
a certain day there was a slight rise of body temperature and a physical 
examination was instituted, the first in many days, to elucidate the 
febrile rise. I found the percussion note over the front and side of the 
left chest quite flat in quality. Suspecting a purulent effusion, the boy 
was quickly turned on his right side and made to breathe deeply while 
thorough examination was made of his back. An exploratory needle 
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inserted at the left base disclosed no fluid. The dulness here gradually 
cleared up under percussion and the auscultatory signs became normal. 
Returned to the supine posture, the front of the chest now showed the 
normal puerile percussion resonance. It may be added that after the 
manipulations described the condition of the little patient became 
progressively worse and he died in the course of a day or two. It seems 
highly probable that mobilization. of toxic stores through the unwonted 
vigor of respiratory movement was responsible for the exitus. 

It is believed that bedside experiences such as the foregoing are by 
no means rare. A well known scientific clinician, Sir James Barr, in 
a valuable paper including the subject of this sketch writes as follows 


(16): 


Especially in many wasting diseases, where the demand for oxygen is not 
great, . . . . partial atelectasis of one or both lungs, or almost complete 
atelectasis of one lung, is not at all uncommon. It is especially apt to occur 
in young, flat chested individuals with pliant chest walls. . . . . These 
cases are frequently overlooked because there is usually a negation of subjec- 
tive chest symptoms, and so the lung is allowed to remain so long collapsed 


that it never completely expands and afterwards the deficient expansion of 
one side of the chest is supposed to be the result of some old pleural effusion, 
of which the patient has no recollection. When these cases are discovered 
in the early stages they are usually mistaken for pleural effusion, an error 
which is apt to remain uncorrected if an exploring needle be not inserted in 
the chest. . . . . I have seen this condition occur in typhoid fever, 
infective endocarditis, pyaemia, etc. 


He recalls a consultation with a medical attendant who supposed 
that empyema had developed in a case of typhoid fever, but the morbid 
signs were shown to be due to alveolar collapse. Barr relates a mistake 
made by himself in the case of a boy confined to bed after excision of 
tuberculous iliac glands. ‘I found the right side of the chest absolutely 
dull from base to apex, absence of respiratory murmur and no vocal 
phenomena. I rapidly came to the conclusion that the right pleura 
was full of fluid.” Several punctures were made with negative results 
and the youth got well under a course of respiratory gymnastics. 

The treatment advised by Barr was that the patient should lie on the 
sound side of the chest, with the addition, when expedient, of respiratory 
exercises. It is worth noting that, while it seems selfevident that pul- 
monary ventilation must be most vigorous in the upper as compared 
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with the lower lung, when a patient lies on his side, this is obvious only 
as regards the costal respiration. According to L. Hoffbauer (17), 
“The roentgen rays have shown that when reclining on one side, the 
half of the diaphragm on the under side is drawn high up and makes 
exceptionally extensive excursions, while the half of the diaphragm on 
the uppermost side makes exceptionally small excursions.” 

Every physician experienced in pulmonary tuberculosis has been 
confronted with the dilemma presented by misleading signs of pleural 
effusion due to atelectasis. But there is no Ellis curve capping the 
area of flatness. The affected side is contracted rather than expanded. 

There is no bronchial breathing or voice as in cirrhosis. The aspi- 
rating needle gives a dry tap. There can be little doubt that the con- 
dition is one of pulmonary atelectasis. In my experience this congeries 
of signs is especially apt to be found at the base of the left lung in chronic 
cases of long standing. The obvious explanation for this localization, 
as due to pressure of the left auricle and of the pulmonary artery, perhaps 
deserves investigation. I have often been impressed by the occurrence 
of temporary percussion dulness, in the absence of effusion, occupying 
the lower third or more of the left side of the chest. The dulness is 
maintained in the upright and supine postures, but usually clears up 
when the patient turns on the right side or breathes deeply. It can be 
explained as due to atelectasis after excluding the signs attributable 
to spleen, liver and stomach contents. 

Recently a boy of twelve, living with a tuberculous mother, suffered 
severe pain from an acute pleurisy at the base of the right lung. After 
a week in bed the boy was apparently well, but now percussion flatness 
involved the lower two-thirds (or more) of the right chest, together with 
other signs of effusion. Puncture with a large exploratory needle 
disclosed no fluid. The patient cried much and breathed deeply during 
the operation; and immediately thereafter percussion of the right chest 
disclosed a dull tympany, so that for a while it was feared that I had 
caused a traumatic pneumothorax. The boy got well with diminishing 
signs of effusion. 

A man of early middle age, who had recently recovered from an 
appendicectomy, suddenly expectorated a large amount of foul pus. 
Subphrenic abscess was suspected, with rupture into a bronchus. As 
the patient lay on his back rather dense percussion dulness, with a 
horizontal boundary, marked the undermost half of the right axilla. 
Exploratory puncture was negative and later an X-ray photograph of 
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the chest in the upright posture showed the pleural cavity to be con- 
tracted but free from fluid. 

The physical examiner is wont to overestimate the depth beneath the 
chest wall to which percussion and auscultation extend their informing 
signs. It is not unknown for the X-ray plate to disclose a relatively 
huge mass occupying the centre of a lung, the existence of which has 
been missed by expert examiners. According to Weil (4), where the 
chest wall is moderately thick no percussion vibration can penetrate 
the lung more than 4 cm. (13 inches) in a vertical direction or, measuring 
from the outer surface, can reach to a depth of more than 6 cm. (23 
inches). The localization of the source of morbid signs by auscultation 
is often a difficult or impossible procedure. 

But perhaps by far the commonest evidence of atelectasis is elicited 
during auscultation rather than percussion. Let us suppose the super- 
ficial air cells in a quiescent portion of a lung to be collapsed, percussion 
fails to detect any definite evidence of consolidation, but the first deep 
inspiration opens those cells to ventilation and the examiner hears 
crackling rales, which often have a considerable degree of moisture. 

Only recently I examined a young woman in whom four years before 
a tuberculous lesion, limited to the right apex, had been detected. The 
recent examination disclosed no marked percussion dulness over the 
front of the chest below the second rib, but on the right side abundant 
coarse crackling rales were heard from the clavicle to the liver; and below 
the second rib there was a sharp, highpitched inspiratory murmur. The 
instant conclusion was that the patient had entered on a serious relapse 
with marked extension of her disease. After a few deep breaths all 
rales disappeared from the front of the chest below the second rib, a 
few crackles only persisting in the lower right axilla. The fleeting morbid 
signs were evidently due to atelectasis and the example is cited as a key 
to common and confusing experiences. The peculiar highpitched inspir- 
atory murmur noted at the initial opening of the collapsed air cells 
has special significance since it may have the same origin as a similar 
murmur which frequently characterizes inspiration in various morbid 
states of the lung. 

A young man with chronic, stationary tuberculosis of the upper lobes 
developed, during the recent epidemic of influenza, signs and symptoms 
of inflammation at the base of the left lung. Subsequent rigorous 
examination was purposely intermitted until the lapse of a few days, 
when. the patient had become symptomatically well. Then, for the 
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first time, auscultation over the left base disclosed showers of fine 
crepitations precisely like those usually found at the outset only of 
influenzal pneumonia. The rapid reéstablishment of a normal respira- 
tory murmur indicated that the rales were atelectatic. It may be 
suspected that the wonderful improvement which the practitioner of 
medicine so frequently finds in the physical signs of a newly acquired 
tuberculosis case at the second examination has much to do with the 
dissipation of atelectasis through the gymnastics of the first. 

Colonel Bushnell has insisted on the prevalence and harmless signiif- 
icance of marginal rales, frequently heard with inspiration along the 
lower margins of the lungs. In his excellent protocol for the pulmonary 
examination of recruits for the army in the recent war he takes great 
pains to point out that the occurrence of such rales is no evidence of 
tuberculosis. Bushnell (18) thinks that the sounds are due to vibrations 
set up by separation of the more or less gummy surfaces of the costal 
pleura and margin of the diaphragm as the latter descends in inspiration. 
Probably a more efficient cause of the phenomenon is that given by Cabot 
(19), namely, that the crackling depends upon the opening of collapsed 
air cells as the lung follows the diaphragm. 


DISCUSSION AND CONCLUSIONS 


This paper exploits no new facts. It is simply an attempt to dust off, 
rehabilitate and show the value of paraphernalia that most clinicians 
have cast into a neglected corner. 

In the psychology of physical diagnosis nothing is more certain than 
that our apprehension of a patient’s condition depends not on what 
we know of physical signs but on what we consciously apply to the 
subject under investigation. 

If the examiner but thinks atelectasis, bears in mind the conditions 
of its occurrence and applies the simple tests for its recognition, physical 
diagnosis of the lungs will gain much in certainty. 

Reflection breeds speculation and speculation leads to understanding 
and discovery. 

The data detailed above, weighed against the evidences of clinical 
tuberculosis, presents certain paradoxes that need elucidation. The 
older writers agree that persistent foetal or adolescent atelectasis is 
prone to be accompanied by the development of tubercle in the collapsed 
areas. 
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The radiographer, with the fluoroscope, habitually finds, even in healthy 
lungs, a certain depth of shadow, indicating relative collapse, in the 
apices under quiet breathing which is dissipated after deep inspiration. 
As it is in the apices that tuberculosis apparently finds its least paren- 
chymal resistance, the conclusion might seem plausible that the atelec- 
tatic condition distinctly favors the development of tuberculosis. But 
at least two other conditions are to be considered besides collapse of the 
air cells in explaining the predilection of tuberculosis for the apex. 
One is the lessened gas exchange and reduced respiratory movement 
and the other is the local blood supply. In their work already quoted, 
Corper and his colleagues would seem to imply that no great circulatory 
change pertains to the condition of pulmonary collapse; but Phillips 
(20) has recently plausibly argued that the involvement of the apices 
of the lungs in the tuberculous process is specifically invited by the 
relative anaemia of those parts in man induced by the gravitation of 
blood while in the upright posture. 

It would seem self evident that, as the main or sole business of the 
lungs is to serve as an organ for gas exchange, any restriction of their 
functionating area must be regarded as unphysiological and liable to 
invite disease. It is a popular impression, for which there is some evi- 
dence, that pulmonary tuberculosis is especially liable to attack athletes 
after they abandon vigorous exercise and assume a sedentary life. In 
such a case it seems probable that redundancy of pulmonary tissue would 
lead to excessive atelectasis. 

But we must allow no speculation to loose our hold on the hard-won 
secret of tuberculosis therapy, that active disease demands rest for the 
affected part and that, when pathological activity is threatened, exercise 
must be graduated with extreme caution. Perhaps the truth may be 
condensed in a therapeutic formula: Rest saves life, exercise makes well. 

There is no difficulty in conceiving that an active tuberculous focus 
works its deleterious influence through the toxins it sheds, and that the 
inimical effects of bodily exercise depend largely, if not wholly, upon 
its favoring mobilization of the poisonous output. But we do not 
usually entertain the complementary view that a healthy tissue, in 
proportion to its functional activity, may possibly also serve as a source 
of circulating products which, after the manner of hormones, enhance 
the conservative and resistance powers of the body. If this were not 
so, it is difficult to explain the known fact that in a case of bilateral 
pulmonary tuberculosis in which the disease is nearly equally distributed, 
artificial pneumothorax applied to one side very often results in speedy 
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amelioration of symptoms and ultimate arrest of the disease. We must 
admit that the exaggerated activity of the functionating lung favors 
the dissemination of toxins from it; but, if we grant that the more 
thorough ventilation of the lung results in unfolding and unwonted 
activity of healthy air cells hitherto little used, we may assume such 
an increase in the output of what may be called antiseptic products 
from the healthy as compared with the mass of septic excretes from the 
diseased tissue that the balance enhances the physiological reactions of 
the protoplasm at large. Obviously so fundamental a conception can 
at present be formulated but crudely; nevertheless a useful working 
hypothesis may inhere in the thought that living matter may have its 
agegressins of health as well as of disease. It is interesting to note that 
such a view is already adumbrated in the literature. By implication 
it is a keynote of Abderhalden’s dissertation on Protective Ferments (21), 
and quite recently Leo Loeb (22) has formulated the complementary 
view that the normal body cells send off products which in certain other 
cells stimulate proliferation and promote the formation of cancer. 

Perhaps a more plausible explanation of the clinical improvement, 
so often manifested by cases of severe bilateral tuberculosis after more 
or less complete artificial collapse of one lung, is to be found in a 
possibly excessive hyperaemia of the other. In experiments on rab- 
bits Bruns (Deutsch. med. Wchenschr., 1913, xxxix, 101) found that 
the volume blood flow through the collapsed lung was lessened, and 
in a degree proportional to the completeness of collapse. Obviously, 
then, a correspondingly increased portion of the current in the pulmo- 
nary artery must have been diverted to the expanded lung. 

It has long been a standard clinical belief that the development of 
tubercle is opposed in areas of congestion. I have observed a large 
number of X-ray plates from cases of advanced tuberculosis in which 
artificial pneumothorax had been performed. As a rule, the picture 
taken after the operation shows in the more expanded lung a decided 
increase of opacity in the background as compared with the picture 
obtained before the operation. While admitting the important sources 
of error in such comparisons, the suspicion may well be entertained 
that the increased opacity manifested in the Jung opposite the side of 
the puncture is due to its plethora, and that this plethora may coun- 
terbalance the evils otherwise inherent in exalted activity of the 
diseased organ. 

The practical data of atelectasis may be summarized as follows: 
1. A relative degree of atelectasis, partial collapse of the air cells, occurs 
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normally in any pulmonary area which is not habitually undergoing 
fairly vigorous ventilation: it is favored by feeble and opposed by vigor- 
ous inspiratory movements. In proportion as the vigor of respiratory 
aeration is diminished the pulmonary collapse becomes more extreme. 
2. Collapse may be determined either by compression from without or 
blocking of the bronchioles within the lung. 3. Lobules of the lung 
which have recently become airless may, by inflation, be completely 
restored to their original condition; but after prolonged collapse, of 
indefinite period, organic changes supervene which render them incapable 
of expansion. 4. Minor degrees of atelectasis may be denoted clinically 
by the demonstration of circumscribed areas of relative percussion dul- 
ness which quickly acquire normal resonance after deep breathing or 
with change of posture; or by the advent, with deepened breathing, of 
inspiratory rales which quickly disappear under respiratory exercise. 
Collapse of an extensive volume of pulmonary tissue is denoted by con- 
traction of the overlying chest wall combined with physical signs simu-., 
lating those of consolidation or of an encysted pleural effusion. 5. The 
physical signs of atelectasis owe their diagnostic importance to the 
fact that they are apt to be developed in just those conditions in which 
we are justified in expecting the advent of organic lesions whose signs 
they imitate. 
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EXTRAPLEURAL THORACOPLASTY 


AND A MODIFICATION OF THE OPERATION OF APICOLYSIS, 
UTILIZING MUSCLE FLAPS FOR COMPRESSION OF THE LUNG 


EDWARD ARCHIBALD 
Royal Victoria Hospital, Montreal 


I imagine that not since Brehmer revolutionized the treatment of pul- 
monary tuberculosis with his sanatorium idea, and his programme of what 
we now call proper hygienic measures, has there been made any advance 
in the treatment of the consumptive more productive of good to the 
patient, or more sound in principle, than Forlanini’s method of artificial 
pneumothorax. It is now generally considered a definite fault of omis- 
sion to neglect this procedure in the proper kind of case. Upon the 
basis of the knowledge gained through the practice of the method there 
was built, some fifteen years ago, the plan of Brauer and of Friedrich, 
which consists in imitating the method of artificial pneumothorax, where 
that is not possible, by removing a sufficient number of ribs to allow the 
chest wall to fall in, and thus, to some extent, to bring about a collapse of 
the lung itself. It is not my intention here to trace in any detail the 
development of this branch of surgery. I have no doubt that in any 
case it is fairly well known to all of you. The very extensive removal of 
ribs, involving practically the whole of one side of the chest, as at first 
advocated by Friedrich, was soon abandoned on account of its high 
mortality. (Three years ago I reported before this Association my first 
two cases of thoracoplasty, of which the first was done according to the 
Friedrich plan, the patient dying in six days from oedema of the other 
lung and failing heart.) Wilms then published, in 1911, his method of 
columnar resection, which meant the removal in one, two or three stages, 
of small portions of all the ribs from the second to the tenth behind, 
and, sometimes, also the resection of the upper five or six ribs in front. 
This method has remained, with a few modifications, the standard of 
thoracoplgstic operations. Its mortality has been comparatively-small. 
It has been modified, in details of incision and length of ribs resected, 
by Sauerbruch; and Sauerbruch’s method is now generally adopted. 
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It soon appeared, however, that that type of lesion, which consists 
chiefly in extensive apical disease with cavity well up in the upper lobe, 
was not sufficiently influenced, in the sense of compression, by mere 
resection of ribs, even when the first rib and the clavicle were included 
in the resection. The “spring” is obviously much less at either end of 
the barrel than it is in the middle. The break in the clavicle also car- 
ried with it considerable disability and deformity from dropping of the 
shoulder. Under these circumstances Freeman, of Denver, in 1909, 
after resection of the upper ribs in front, advised the early application 
of an ordinary spring truss, going over the shoulders, of which the pad 
was to lie below the clavicle, with the idea of directly compressing the 
apex. 

In the following year Tuffier, of Paris, in 1910, devised his operation 
of apicolysis with the object of securing compression of the apex and the 
upper part of the upper lobe. This consisted briefly in the resection of 
one or two inches of the second rib in front, with peeling off of the pari- 
etal pleura from the inner surface of the rib. This was accomplished 
gradually with the finger up over the apex, down over the sides, and 
down over the back, until the whole upper part of the lobe was liber- 
ated, thus leaving a moderately large cavity in the upper part of the 
thorax. To prevent reéxpansion, and to keep up compression, Tuffier 
filled this cavity with a free transplant of fat taken from the abdomen. 
Excessive precautions in the matter of asepsis and haemostasis had to 
be taken to insure the toleration of the graft. His last reports upon the 
method, so far as I can discover, are to be found in a long article upon 
thoracic surgery, which he read before the International Medical Con- 
gress of 1913, in London, and in an article in the Interstate Medical 
Journal (translated) in early 1914. 

In 1913 Baer, in Switzerland, proposed the filling of the apical space 
with melted paraffin, and this method was used in a fair number of 
cases by Sauerbruch. The prime object of both these methods was to 
localize compression to that part of the lung which was chiefly, or alone, ~ 
diseased, and thus to obviate, in such cases, the more extensive opera- 
tion of columnar resection. The results were on the whole encouraging; 
yet one must point out that neither substance, fat or paraffin, can be 
considered ideal. Whether the fat transplant lives and preserves for 
any long time its original bulk is not known and must remain dubious. 
One would rather expect it to undergo at least partial liquefaction, 
with consequent diminution in size and in compression value. More- 
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over fat is peculiarly nonresistant to infection, which must always be 
feared. As to paraffin one can urge that it is a foreign body, and that 
in a considerable percentage of the cases in which it has been used it 
has ultimately been extruded. Henschen reported, in 1914, that in 
somewhat over 20 per cent of the cases of paraffin filling failure resulted, 
usually on account of infection. In Baer’s original case, upon which he 
based his report, infection occurred apparently through necrosis of the 
thin covering wall of the cavity by too great pressure of the unyielding 
paraffin, which had to be removed, leaving an annoying tuberculous 
sinus. 

Considering all this, it seemed to me desirable to find some other 
method of exerting compression. My original idea was, after separating 
the apex and pressing it down, to bring a flap of the pectoralis major 
from in front, and of the trapezius or perhaps the rhomboid from behind, 
and to unite these flaps over the apex and under the clavicle and first 
rib, so as to form a sort of stirrup, as well as a simple mass of muscle, 
which would probably maintain compression permanently both by its 
mere bulk and also, possibly, through actual tonic contraction of the 
muscle fibres. On second thought, however, I decided to see first what 
could be done in front with the pectoralis major and minor; and the 
more so as too extensive an operation might be unsafe for the patient. 
It seemed, however, probable that in all cases, except those of very 
limited disease in the apex, the best results could only be obtained by 
combining, with the muscle implant, a posterior columnar resection. 
The chief advantage of muscle, regarded as a filling material, lies in the 
fact that it remains a living tissue inasmuch as pedunculated flaps can 
be fashioned so as to insure nutrition. Moreover the bulk that can be 
obtained is large, and amply sufficient to fill the space created by api- 
colysis. It may be urged that the muscle might undergo atrophy, to a 
certain extent, from disuse; but the amount of muscle available, to judge 
from my experience, seems quite sufficient to allow for some atrophy 
without too great a sacrifice of its compressing value. A further advan- 
tage of muscle lies probably in the fact of its well known resistance to 
infection. I have the impression that muscle, like peritoneum, is able 
actually to overcome a moderate infection. With this plan in view I 
proceeded to perform the operation on the patient whose case report 
I may now relate. 


Case 1. The patient, S. R., aged twenty-eight, was quite well up to March, 
1912, when he took what was considered to be a severe attack of grippe, which 
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lasted three weeks and was followed immediately by cough and expectoration. 
A little later he had chills and night sweats, and his doctor shortly afterward 
made a diagnosis of pulmonary tuberculosis. In May, 1912, he was sent to 
Muskoka, where he ran fever for thirteen months. There was gradual im- 
provement through the fall and winter. In March, 1913, he had a fresh cold, 
together with cough and increased expectoration, lasting three months. In 
the summer of 1913 he was fairly well and gained weight. During 1914 he 
continued to take the cure and, although unable to work, improved slowly 
and was largely without fever. In January, 1915, there occurred another 
flareup with fever and increased sputum. During the summer of 1915 he 
improved again; but in September a cavity in his left upper lobe was dis- 
covered. There was mixed infection in this and he was given a “serum” for 
several months. In January, 1916, he was sent to Dr. Parfitt, of Gravenhurst, 
who allowed him slight exercise and said his lung was fairly quiet. 

In February, 1917, there was an increase in fever, pulse and sputum, and 
he began to have some digestive disturbance, with loss of appetite and of 
weight. In the spring of 1917 Dr. Parfitt attempted to establish an artificial 
pneumothorax, but was obliged to give it up after eleven unsuccessful attempts. 
Obviously the pleura was obliterated by extensive adhesions. During all of 
the latter half of 1917 he was greatly troubled with cough and copious expec- 
toration, so that finally, in the late fall, Dr. Parfitt suggested a thoracoplasty, 
to which he consented, and Dr. Parfitt then sent him to Montreal under my 
care. His physical findings on admission were briefly as follows: His general 
condition appeared fairly good. There was slight evening elevation of tem- 
perature and a rather rapid pulse (88-100). There was a good deal of cough 
with free expectoration of mucopurulent character. There was nothing 
noteworthy in the general examination except in the respiratory system. Dr. 
Cushing made a report on the lungs as follows: Chest shows retraction of 
left side, more marked in upper half (1 inch less at level of 3rd rib in front and 
3 inch at level of 6th rib). Movements of the left chest slightly impaired. 
Heart normal in size and position, pulmonary second sound accentuated. 
Right lung practically normal. Left lung shows evidence of extensive fibrosis, 
especially marked over the upper lobe. Breath and voice sounds suggest a 
cavity in the front part of the upper lobe at the level of the 2nd rib in front, 
between the parasternal and midclavicular lines. Only occasional coarse rales 
heard in left lung. No fine crepitations. Sputum abundant, mucopurulent, 
and contains very numerous tubercle bacilli. Condition points to a chronic 
fibroid tuberculosis of left lung, affecting the upper lobe extensively and the 
lower to a less extent, with a moderate sized cavity in the upper lobe. The 
X-ray photograph confirmed this diagnosis. The cavity in the left apex 
was apparently about the size of a large plum, and lay under the second rib 
and the first interspace, a little outside the sternum. 
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In view of the impossibility of establishing a pneumothorax, and consider- 
ing also the fact that the disease was confined almost entirely to one side, 
I judged the case to be particularly suitable for thoracoplasty. Accordingly, 
on December 4, 1917, I proceeded to do the first stage, following in the main 
Sauerbruch’s technique. At this operation, under gas-oxygen, combined with 
local anaesthesia, through a vertical posterior incision, I removed portions of 
the 3rd to the 10th ribs, from 2 up to 44 inches, leaving only the second and 
the first untouched. The parietal pleura was found moderately thickened 
throughout; and the lower lobe felt only slightly firm, while the upper lobe 
showed large patches of dense, hard infiltration. 

The operation was completed in less than an hour and the patient stood it 
very well. Recovery was complicated by a flareup in the lung, beginning on 
the fifth day following operation, characterized by fever and increased sputum, 
and also a small haemorrhage, but he overcame this largely before discharge 
on January 20. Dr. Cushing at this time reported that the left side of the 
chest was markedly retracted and practically immobile. The heart apex was 
displaced to the left, about 13 inches outside the nipple line. There was evi- 
dence of consolidation of practically the whole of the left lung with intense 
bronchial breathing and high-pitched crepitations in the left axilla. He was 
discharged on January 31, 1918, with a recommendation to return in a few 
months, in order to have his thoracoplasty completed by the resection of the 
uppermost ribs either behind or in front, inasmuch as it was considered that 
the present operation would not suffice to bring about compression of the 
upper third of the lung, and its contained cavity. 

After returning home, the cough and profuse expectoration of his flareup 
shortly disappeared. He continued his cure and his general health improved 
until July, 1918. The effect of the operation was, in his opinion, quite good. 
As he expressed it his condition was the nearest thing to good health that 
he had ever felt in the whole course of his disease. His sputum decreased 
very greatly and its previous bad odor and taste disappeared. It got thinner 
also, like “white mucus,” and his cough disappeared, except for a short period 
in the morning. He was quite without fever, even after moderate exercise; 
and he was able to take much more exercise than before. 

In July, 1918, after a motor trip, during which he was greatly fatigued, he 
had a fever of 102°, with increase of sputum, all of which lasted a month. 
During the fall of 1918 he felt better than ever. In January, 1919, he had an 
attack of influenza, with a return of previous symptoms. He recovered and 
was well again for two months, when he had another attack of the same sort. 
In May he took to bed with pains in all his joints, so acute that he was quite 
crippled for ten days. During the fall of 1919 he was fairly well, but from 
the beginning of November he felt rather miserable and gradually lost strength, 
though not weight. Since before the operation he had had occasional diar- 
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rhoea without pain. The stools however, were never watery nor more than 
two a day. The diarrhoea alternated with constipation. It should be said 
that towards the end of 1918 the patient married. and is now the father of 
a healthy boy. In general, during 1919, he gradually lost much of the good 
effect of his operation. By the fall he was expectorating about two ounces 
a day of thick yellow purulent sputum, occasionally with a bad odor, he was 
suffering repeated attacks of fever with increase in cough and sputum, and he 
felt himself still an invalid, unable to take up any steady work, even of a 
light nature. He decided, therefore, to return for the completion of the 
operation, as had been advised. He was admitted to the Royal Victoria 
Hospital December 11, 1919, two years after his first stage. 

On December 16, 1919, the operation was carried out as follows: The 
anaesthesia, gas-oxygen and local, was satisfactory. A flap of skin, fat and 
pectoral fascia, with base at shoulder was reflected. The pectoralis major 
muscle over the 2nd space was separated in the direction of its fibres; the lesser 
pectoral was freed and pulled outwards. Three inches of the 2nd rib were 
resected, including 3 inch of the costal cartilage. The pleura directly under- 
neath was seen to rise and fall paradoxically with respiration. It was moder- 
ately thickened, and evidently overlay a big cavity, as it could be pushed in 
flat. The lung above felt hard and nodular. The parietal pleura was sepa- 
rated with the finger well up to the top, inwards to the sternoclavicular joint, 
and outwards to the shoulder and backwards to the posterior surface of the 
ist rib, leaving a large open space. Two inches of the 3rd rib were then 
excised, and $ inch of the 4th, about in the nipple line. The pleura was freed 
back over the 3rd rib, well to the side. As a result the upper lobe was thor- 
oughly liberated over most of its upper and anterior surfaces, but not well 
down posteriorly. It was decided not to go further, on account of the pos- 
sible danger of rupturing the lung by working blindly at the back. One also 
did not wish to prolong the operation unduly. This could be done later, if 
necessary, from the back. The whole central portion of the great pectoral 
was then isolated by blunt separation of its fibres close to the clavicle, leaving 
the clavicular portion; and, by a similar separation, as low as the level of the 
3rd rib. This portion was cut off about 1 inch from the humeral attachment, 
and was loosened from its lower rib insertions, the pedicle being at the 
sternal edge, so that it could be curled up and stuffed into the upper space 
left by the separation of the parietal pleura. It filled it very well. The ist 
rib was not cut, thus leaving a brace for the muscle plug. The lesser pec- 
toral was then separated from its rib attachments down to the fourth space, 
leaving a bulky free end which was packed into the separated area underlying 
the 2nd space and the 3rd rib. About eight catgut sutures were used to tack 
the muscle down to the remains of the intercostals and rib periosteum. The 
ultimate compression obtained seemed to be good. The skin flap was 
sutured without drains. (See figs. 1 to 5.) 
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The postoperative course can be resumed briefly. The patient had sur- 
prisingly little distress on the whole, and needed no sedative whatever for 
cough; in fact, from the time of operation on, his cough was practically abol- 
ished, and likewise his sputum. On January 8, 1920, I made the following 
note: Before operation the sputum was about two ounces a day, and was 
thick, yellow, and purulent, with occasional bad odor. This amount was got 
up chiefly in the forenoon, though coughing was not difficult. In the evening 
he also brought up a small amount. After operation there was no cough 
whatever for a few days, after which it was very slight,—‘“‘just a little hawk.” 
As to the sputum there was none for three days, then there appeared grad- 
ually a small amount, which, however, had become white, clear, mucoid, and 
somewhat frothy. The amount was not over half an ounce. It seemed to 
be largely saliva, with mucoid phlegm. His temperature did not go above 
99.6° and that only during the first two days. His pulse, however, registered 
120 to 130 during those two days. After that it ran between 80 and 90 for a 
week, following which it came down to between 70 and 80. Respirations 
were very little increased: before operation they ran 18 to 22; after operation 
20 to 24, finally coming back to normal in the course of ten days. Sputum was 
bloodtinged on the day following operation, but not afterwards. The wound 
healed perfectly, and he was discharged January 11, feeling very well. 

An X-ray photograph, taken just before he left the hospital, showed the 
abscess compressed apparently to a mere slit. A report received from Dr. 
Parfitt of his examination of this patient on April 1, 1920, that is about three 
months after his operation, I may here reproduce briefly: Patient looks sur- 
prisingly well; has a good color; coughs very seldom, usually after slight 
exertion. Expectoration greenish, about one-half ounce daily; bacilli nega- 
tive. No dyspnoea ordinarily; not very marked on slight exertion. No pain. 
Arm movements only slightly limited; can reach opposite shoulder and can feed 
himself. Chest measurements: expiration 33 inches; inspiration 33% inches. 
Right side, expiration 18 inches, inspiration 19 inches; left side, expiration 15} 
inches, inspiration 15g inches. In the erect position the right side is enlarged 
and rounded; the movement apparently excessive; the movement of the left 
side almost nil. Under the left clavicle in the region of the resected ribs there 
is a marked depression and on inspiration a deep indrawing. The right lung 
is hyperresonant and shows complementary hypertrophy extending beyond 
the sternum. The breath sounds in the left interscapular region are variable 
in quality and are probably transmitted from the opposite side. Rales here 
are also probably transmitted. Above the second rib there is slight vesiculo- 
bronchial breathing and a few crepitations. Over the left lung dulness is 
marked throughout. There are variable amphoric and bronchial breath sounds 
throughout. Rales of variable size are relatively few. 
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Case 2. Miss L. H., age twenty-four years. Admitted February 12, 1920. 
The patient was always in perfect health up to the spring of 1917, when she 
had an attack of tonsillitis. Ten days later she developed measles. She 
recovered fully and returned to duty (nursing) but suffered from easy fatigue. 
She continued work until July 1, 1917, when the tonsils were removed. Con- 
valescence was slow. About the end of July she began to cough and expec- 
torate. In September the sputum increased in quantity up to two ounces in 
twenty-four hours, in which bacilli were found. In September, 1917, she 
went to Saranac Lake, where she spent the next two winters, returning home 
in summer, but not following a rigid cure. Her cough and expectoration per- 
sisted while at Saranac Lake. She went to Dr. Parfitt, at Gravenhurst, in 
October, 1919. After three weeks a leftsided pneumothorax was established. 
The patient did not find any marked change as the result of the pneumo- 
thorax, in regard to sputum and cough. Her general condition has always 
been good throughout her illness. The elevation of temperature was never 
at any time a constant factor. After five refills of her pneumothorax she was 
told that she had fluid at the base of the left lung (6 or 7 ounces). 

The X-ray picture at Gravenhurst showed a good collapse of the lower 
two-thirds of the lung, while the apex remained unaffected on account of 
adhesions. In this upper third of the lung there were observed several small 
cavities with surrounding infiltration. In view of this condition Dr. Parfitt 
advised her to have a thoracoplasty done. She came to Montreal on Febru- 
ary 12,1920. Her condition upon admission may be briefly resumed. Patient 
is well nourished. She has frequent cough and expectoration amounting to 
about two ounces in the twenty-four hours. The sputum is mucopurulent 
and is brought up chiefly in the morning. It contains numerous tubercle 
bacilli. On the right side, that is, the good side, the lung shows slight scattered 
infiltration in the lower lobe, to which correspond, on physical examination, 
a few fine crepitations at the base posteriorly. In the X-ray there were also 
a few suspicous spots in the apex. On the left side the percussion note was 
dull over the apex down to the level of the base of the heart, and her breath 
sounds were greatly diminished, with numerous fine moist rales accompanied 
by musical rales on deep inspiration. Similar signs were present posteriorly. 
Below this level there were signs pointing to fluid, the level of which reached 
nearly to the angle of the scapula. The amount of air in the chest was still 
sufficient, with the fluid, to give a good collapse of the lower two-thirds of the 
lung. 

It was obvious that one had to choose between opening the pleura below, 
and cutting all adhesions so as to complete the pneumothorax, or, on the 
other hand, doing an apicolysis outside the parietal pleura and implanting 
muscle as in the previous case. The first procedure is one which should hardly 
be done unless the adhesions are confined to isolated points. This has been 
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done by Jacobaeus through the thoracoscope and with a cautery, and also 
by the writer in one instance through open incision. The objection, however, 
lies in the fact that occasionally a cavity in the lung substance extends a little 
distance into the base of the adhesion, and such a cavity has been opened 
during the cutting of the adhesions with resulting pyopneumothorax. This 
appears to have happened in a case reported by Torek, of New York. In 
any case where adhesions are dense and occupy a good portion of the upper 
surface the danger of tearing into the lung is much too great. The extra- 
pleural method is by all odds the safer and in the present instance it was de- 
cided to do, first, an apicolysis from the front, and later, to do a thoracoplasty 
behind over the upper seven ribs, leaving the lower part of the lung for con- 
tinued compression by the artificial pneumothorax. 

Accordingly, on February 19, 1920, the first operation was performed. 
The anaesthesia was gas-oxygen, with novocaine, and was quite satsfactory. 
The operation was similar to that already described, with the exception that 
a straight transverse incision, from the edge of the sternum to the anterior 
edge of the deltoid over the middle of the pectoralis major, was employed, 
instead of a flap incision. This gave quite sufficient exposure, and left a 
smaller scar. The muscle flaps from the two pectoralis muscles were pre- 
pared before the ribs were resected. The 2nd, 3rd and 4th ribs were excised 
in lengths, respectively, of 23, 22, and 2} inches, subperiosteally. The inter- 
costal muscles in the 2nd and 3rd spaces were removed. The posterior layer 
of periosteum of the 2nd and 3rd ribs was incised, lifted off the pleura, and 
packed away so as to permit separation of ‘the parietal pleura. The apex 
of the lung was separated with the finger from under the clavicle and the 1st 
rib, and from side to side, but not more than an inch or so downwards at the 
back. It felt hard, nodular and diffusely infiltrated; but the lung, from the 
upper edge of the 2nd rib down to about the upper edge of the 4th rib, felt 
soft and ballooned slightly on inspiration, collapsing slightly on expiration. 
The pleura was separated anteriorly well in to the edge of the sternum and 
well out to its external aspect about the anterior axillary line and down as 
far as the 4th space. This left a big pocket in front, at the apex and at the 
side, into which the flap of great pectoralis was crowded. This was big enough 
to fill the space comfortably. Its lower edge was held in place by no. 2 
chromic gut doubled, passing through a drill hole in the stump of the 4th rib. 
Its upper third, or nearly half, filled up the cavity left at the apex. This was 
held there by a similar stitch through a drill hole in the 2nd rib, attached to 
the anterior part of the muscle well over towards the sternal border so as to 
prevent retraction. 

The clavicle and the 1st rib afforded a brace for the muscle pad and the 
same is true of the stumps of the 2nd, 3rd, and 4th ribs for the lower part of 
the muscle pad. Another stitch held the muscle to the stump of the inter- 
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costal muscle and the periosteum of the 3rd rib. Between this last stitch 
and the 2nd rib stitch, the flap of the pectoralis minor could be shoved with- 
out trouble, thus forming an extra amount of compression over the region 
under which the bulk of the lung cavity was situated. This was held in place 
by further chromic sutures uniting it to the anterior surface of the great pec- 
toralis pad. It could be seen during an occasional slight coughing of the 
patient how the expiratory forcing up of the lung compressed the lung itself 
against the muscle pad inserted under the stumps of resected ribs, so that 
it would seem advisable not to resect too great a length of ribs on the side. 
The lung felt hard towards the lower axilla and outside the upper part of the 
heart under the stumps of the 3rd and 4th ribs. 

The operation was borne very well. It is true that the patient complained 
of a good deal of pain, also of shortness of breath, and her pulse ran up to some- 
what over 100, but there was very little fever, and it was obvious that there 
was no particular reaction on the part of her lungs. Sputum was much di- 
minished; on the third day it was pinkish and remained so for a couple of days, 
after which it became as before. Her cough was sufficiently controlled with 
heroine. Ten days after operation sputum, as measured, was one ounce in 
twenty-four hours, and mucopurulent. 

On March 5, 205. cc. of pale strawcolored fluid was removed from the chest, 
and 900 cc. of nitrogen introduced. Upon examination of the fluid no anon 
bacilli were found. Albumen was 14 gms. per litre. 

On March 9, the posterior operation was done through a vertical incision. 
From one to three inches of the 2nd to the 7th ribs inclusive were removed. 
The apicolysis begun in front at the previous operation was now completed 
from behind, creating a large cavity from the apex right down to the 5th rib 
and over to the vertebral column and well over under the scapula. It was 
necessary, however, to leave a firm adhesion, situated about over the upper 
outer corner of the apex under the stump of the 2nd rib, as it felt at that point 
that one might break into tuberculous tissue. The scapula with its attached 
muscles, that is, their cut edges, was pushed under the stumps of the resected 
ribs, posteriorly, towards the middle line, and held there as far as was pos- 
sible by suturing the other cut edges to the deep fascia, so as to hold the 
scapula down as much as possible. 

This operation was also perfectly well borne, although the pain suffered was 
rather greater than at the previous operation. Dyspnoea was considerable. 
There was, however, no rise of temperature worth while, and the pulse, al- 
though fast, was at no time such as to cause any alarm. The sputum was 
pinkish for four or five days, after which it remained clear. On March 20, 
the patient was allowed out of bed, and could move about the room freely, 
although there was some dyspnoea. The amount of sputum at this time was 
one-half ounce in twenty-four hours. The patient had no pain. The left 
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side of the chest showed definite falling in, anteriorly, under the clavicle. 
There was practically no drooping of the shoulder or interference with the 
function of the pectoral muscles. The patient could place her arm to the head 
with very little difficulty or exertion. An examination of the sputum showed 
that the bacilli had disappeared. She was allowed to go home on April 2. 
At this time our notes record that the cough was very slight, was chiefly in 
the morning and was apparently more of a hawk than a cough. The amount 
of sputum had diminished to from two to four drams in the twenty-four hours. 
She was gradually improving in strength, and her dyspnoea had lessened 
very markedly. On April 11, Dr. Parfitt sent me a memorandum concern- 
ing her condition as he found it on that date. This I here copy: 


The patient appears in excellent general condition. She stands very erect and there is 
nothing noteworthy about her in ordinary garb. There is surprisingly good movement of 
the arm, with easy abduction to the level of the shoulder. The left side is distinctly smaller 
and is motionless. The left breast bulges rather more than the right because of the con- 
traction of the left side. There is indrawing in the axilla and in the scapular region when 
the patient stands erect. There is no movement on respiration. Although the second oper- 
ation was done less than six weeks ago, there is no pain except slight tenderness of the third 
interspace near the sternum. 

Measurements are as follows: chest depth, at level of 8th spine and 5th cartilage, 6} 
inches; breadth, 9} inches; length, 103 inches; right oblique, 74 inches; left oblique, 8} inches; 
circumference, expiration 31 inches; inspiration, 31} inches; right side, expiration, 153 inches; 
inspiration, 16} inches; left side, expiration, 15} inches, inspiration, 153 inches. This dis- 
crepancy in size of left side must, I think, be accounted for by the bulging of breast and the 
incurving of axilla not being allowed for probably by the tape. 

On auscultation, the left side shows extreme feebleness of breath sounds, of slight broncho- 
vesicular quality in the upper part of the chest, and almost complete absence in the lower. 
I heard no rAles in this side at the only examination that Ihave made. The right side shows 
bronchovesicular breathing at the apex and in the interscapular region, with crepitations. 

The patient has almost no cough, and the sputum has been reduced to about two drams 
daily. Before the first operation there was from one to one and three-quarter ounces daily. 
After the first operation it decreased to six drams and has steadily dropped since the second 
operation, and is now mucoid in character. The temperature ranges from 97.2° to 98.8°. 
Pulse varies between 88 and 100. Dyspnoea is quite marked on slight exertion. 

A small pneumothorax was given on April 9th. The initial reading was + 15 + 35 mm. 
After 100 cc. the reading was + 30 + 40 mm. 


X-ray photographs show very marked retraction of the left side and prac- 
tically obliteration of the area in the upper lobe in which there had been 
originally visible, to use Dr. Parfitt’s expression, a catacomb of cavities. 


It is of course obvious that as yet no definite claims can be made in 
favor of the modification of the operation of apicolysis here described, 
but it has seemed worth while to publish the method in order that it 
might be tried upon suitable cases by other surgeons. In selected cases 
the operation is not at all formidable, healing is rapid, and the resulting 
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deformity slight. The indications for the operation should be drawn 
somewhat closer than for artificial pneumothorax. The best cases are 
those of chronic disease with marked tendency to fibrosis with cavity 
in the upper lobe and strictly, or almost strictly, unilateral. 
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Postscript. December 13, 1920: A recent letter from the first patient gives the following 
summary of his condition in December, 1920, as compared with December, 1917, before 
the first operation. Temperature averaging 99.3 to 100 (oral) is now 98 to 99 (rectal). 
Pulse 88 to 110 is now 68. Sputum 4 to 6 ounces or even 8 ounces daily is now 1 to 
2 ounces daily. Weight 132 pounds is now 155 to 160. He says, “I feel very well, in 
fact better than I have ever been since I took down with tuberculosis in the spring of 
1912.” Sputum last July contained no tubercle bacilli. He is now able to do light work 
as a canvasser from four to six hours a day and occasionally all day. Cough is very 
slight. 

The report on the second patient is not quite so favorable. Three months after opera- 
tion there occurred a mild flare-up in the sound lung. This was overcome during the 
summer, but there are signs in the X-ray of a small cavity at the apex, on the good side. 
Sputum is down to half an ounce in a day. Subjectively she feels better now than at 
any time. The left side, that of operation, is fairly motionless, but the screen still shows 
two or three small cavities not completely compressed. It is a question whether the 
lower half of the chest, previously filled with air and fluid, should not have been collapsed 
by operation. There still remains a little fluid but it is doubtful if the lower lobe is 
sufficiently compressed by it. 
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THE PURINE BASES OF THE TUBERCLE BACILLUS 


ESMOND R. LONG! 


From the Saranac Laboratory, Saranac Lake, New York 


In the course of an investigation on the nutrition of the tubercle bacil- 
lus involving a study of the synthesis of the nitrogenous compounds 
peculiar to nucleoproteins, namely the purine and pyrimidine bases, it 
has become necessary to determine the identity and amount of such 
substances in bacilli grown upon ordinary glycerol broth and also upon 
media of known chemical composition. It has generally been taken for 
granted that nucleic acid, and therefore the peculiar bases entering into 
its composition, makes up an unusually large share of the protoplasm 
of bacteria as compared with other forms of life. If this is so then in 
organisms grown upon media containing nitrogen only in the form of 
ammonia or amino acids there must be a synthesis of these bases on a 
large scale. 

Pyrimidine bases were early identified in the bodies of tubercle bacilli 
by Kitajima (1) and by Levene (2). Thymine was the first encountered 
and for a long time was thought to be an important constituent of a 
nucleic acid characteristic of the tubercle bacillus.2, Cytosine was also 
found and Levene obtained some evidence for the presence of uracil. 
Accurate quantitative estimations of the purine bases in the substance 
of the tubercle bacillus are not on record, although Ruppel (3), and others 
have identified guanine, xanthine, and adenine in its decomposition 
products. 


1 Fellow of the Trudeau Foundation. 

2 It is now generally believed that there are but two nucleic acids, an animal form con- 
taining phosphoric acid in combination with a hexose and the purine bases guanine and aden- 
ine, and the pyrimidine bases cytosine and thymine, and a plant form containing phosphoric 
acid with a pentose, the purines guanine and adenine, and the pyrimidines cytosine and ura- 
cil. The abundance of proof for this assumption casts doubt on the identity of the highly 
toxic “tuberculinic acid’ of Ruppel (3), which probably owed its poisonous character to 
specific protein combined with it. Nucleic acids are neither toxic nor specific. Thymine 
being present in the tubercle bacillus one would also expect to find that the sugar of the 
nucleic acid is a hexose, pentose being found characteristically in the plant form in associa- 
tion with uracil. Experiments to determine this are projected. 


842 


| 
7] 
i 
ig 
Fc: 
“4 
4 
on 


THE PURINE BASES OF THE TUBERCLE BACILLUS 843 


Hydrolyses were made of 100 gms. of anhydrous human type tubercle 
bacilli (H37), which had been repeatedly washed with water and desic- 
cated in vacuo over sulphuric acid, and of 3.09 gm. of anhydrous bacilli 
(also H37) grown in 80 bottles on a medium of the following composition: 


The purines were isolated by the Kruger-Solomon method. The follow- 
ing table gives the results of analyses: 


GUANINE IDENTIFICATION ADENINE IDENTIFICATION* Lrporpst 


Broth bacilli, |0.213gram | Characteristic 0.2 gram Melting 21.8 per cent 

100 grams /|0.21percent} crystals of gua- | 0.2 percent point of 
nine hydrochlo- picrate, 
ride. Strong 277° 
nitric acid reac- 
tion 
NH,Cl-glycerol} 0.012 gram | Characteristic 0.009 gram | Melting 27.2 per cent 

bacilli, 3.09 | 0.39percent| crystals of gua-|0.30percent| point of 

grams nine hydrochlo- picrate, 
ride. Strong 283° 
nitric acid reac- 
tion 


* Adenine picrate when pure melts with some decomposition at 280°. 

+ Benzene soluble. The broth grown bacilli were hydrolyzed before the removal of lip- 
oids - The latter, recovered later with benzene, thus consisted of fatty acids and waxes only, 
while the lipoids of the bacilli of the synthetic medium, which were extracted before the 
hydrolysis, included these and also the glycerol of neutral fats, and the phosphorus and nitro- 
gen containing substances of the phosphatids. Hence the higher figure. 


The combined purines thus represented 0.41 per cent of the dry 
weight of the broth grown bacilli and 0.69 per cent of the NH,Cl-glycerol 
bacilli. As nucleic acid, according to the recently developed formula of 
Levene and Jacobs (4), contains approximately one-fifth of its weight 
as purine bases, the nucleic acid may be calculated as about 2 per cent 
of the dry weight of the broth bacilli and 3.5 per cent of that of the 
others. These are relatively smaller amounts than would be expected 
in view of the common assumption of a high nucleic acid content of the 
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bacillus, even when it is conceded that the Kruger-Solomon method is 
not strictly quantitative. 

It is a noteworthy fact that xanthine was not found among the pur- 
ines, and that while after the isolation of guanine and adenine a small 
amount of substance remained precipitable by copper sulphate and 
sodium bisulphite, the latter could not be made to yield characteristic 
crystals of either hypoxanthine nitrate or hypoxanthine silver nitrate, 
so that hypoxanthine too may be assumed to be absent. As xanthine 
and hypoxanthine are recognized as the decomposition products of 
guanine and adenine respectively, resulting from enzymic deaminiza- 
tion, it may be inferred from their absence that autolysis is not a promi- 
nent feature in the history of a culture of the tubercle bacillus, and 
that the purine bases which are present are simply those of the intact 
nucleic acid molecule. This is in accord with the well known fact that 
fresh tubercle bacilli suspended in sterile water and incubated do not 
autolyze with the production of more than traces of ammonia or other 
soluble nitrogen.’ This inability to autolyze has been attributed to the 
presence of inhibitory agents in the form of unsaturated lipoids (5). It 
should be added that the addition of copper sulphate and sodium bisul- 
phite to the hot concentrated filtrate from the NH,Cl-glycerol bacilli 
failed to show the presence of any purines whatsoever, nor did picric 
acid give a precipitate. 

The material used in this investigation afforded an opportunity for 
certain other observations, which may be reported briefly. The bacil- 
lary substance of the NH,Cl-glycerol bacilli readily gave the color tests 
for tyrosine and tryptophane, thus proving the synthesis of these com- 
plex substances, as well as the purine bases, from the simple nitrogen 
and carbon compounds of the medium. Logie (6), who found that 
tryptophane was synthesized by B. coli and B. Friedlander in protein- 
free media, containing N in the form of ammonium salts and asparagin, 
believes that synthesis of such ring compounds supports the view of the 
vegetable nature of bacteria. The filtrate from these organisms was, 
on concentration, a potent tuberculin, two tuberculous guinea pigs 
reacting strongly to a skin test of 0.1 cc. of the four times concentrated 
Berkefeld filtrate, to which control animals did not respond. This tuber- 
culin did not, however, give the biuret test or any of the other protein 


3 In unpublished observations I found that only 5 mg. of nitrogen were liberated in two 
weeks autolysis of 5 grams of tubercle bacilli killed by toluene. 
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tests except the recently reported ethyl acetate test of Marie (7), the 
status of which is yet to be decided. 

In some experiments on the extraction of the nucleoprotein it was 
found that the protein extracted from intact tubercle bacilli by the 
method used by Krakow (8) and Iwanoff (9) in the preparation of bac- 
terial nucleoproteins, namely, treatment of the bacterial substance with 
copper acetate and repeated extraction of the mass with dilute sodium 
hydrate until fading of the biuret reaction, followed by precipitation 
of the extract with acetic acid, is not a nucleoprotein at all, phosphorus 
and purine bases being entirely absent. This substance was apparently 
the extrabacillary substance present in cultures, the excretion product 
described as lying between the bacilli, stains of the residue showing 
normal appearing acid-fast bacilli. Twelve grams of this protein were 
readily obtained from 100 grams of. dry tubercle bacilli and used for cer- 
tain immunological experiments after being thoroughly washed with 
water, alcohol and ether and passed through a Berkefeld filter in faintly 
alkaline solution. Repeated solution in weak alkali and reprecipitation 
with acetic acid did not free it from copper, which remained present in 
a concentration of approximately 1 per cent. The following results 
were obtained with this material: ; 

Two tuberculous guinea pigs reacted positively to a skin test with 
0.001 gram while normal guinea pigs did not. 

Two tuberculous guinea pigs, infected two months previously with 
pleural fluid containing many tubercle bacilli, died twelve hours after 
injection with 0.025 gram. The autopsy disclosed acute lesions in lungs, 
liver and spleen, with marked congestion around them, the latter pre- 
sumably the result of the reaction. Two normal guinea pigs were not 
affected by injection of the same amount, even the temperature remain- 
ing constant. One guinea pig, infected a year and a half previously with 
R1, a human strain of low virulence, died six days after the injection of 
0.025 gram, whether as a result of the injection or not it could not be 
determined. On autopsy small chronic, fibrous lesions were found in 
the inguinal lymph nodes and spleen. Another pig, similarly infected, 
died six hours after an intravenous injection of 0.01 gram. At autopsy 
unusually acute lesions for an Ri infection were found. 

Five normal guinea pigs, sensitized with 0.001 gram reacted to second 
injections of 0.005-0.025 gram twenty days later with sickness and a 
drop in temperature of 2 to 5 degrees persisting for at least three hours. 
One of these died within twelve hours, that receiving 0.008 gram, death 
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not being accompanied by the bronchial changes of typical anaphylactic 
shock. Two tuberculous pigs showed a rise in temperature of 1.7° each, 
three hours after a similar injection. One died twelve hours later, the 
autopsy disclosing caseous tuberculosis of liver and spleen, with marked 
congestion in the neighborhood of tuberculous areas. 

From these experiments it may be concluded that tuberculous guinea 
pigs were specifically sensitive to the protein thus obtained, which was 
nontoxic for normal animals. The allergic reaction, however, develop- 
ing in guinea pigs on second injection twenty days after sensitization 
with 0.001 gram of the material, was rather mild. 


SUMMARY OF CHEMICAL RESULTS 


_The purine bases, guanine and adenine, were isolated in pure form 
from two groups of tubercle bacilli, one grown on glycerol broth, the 
other on a simple medium containing NH,Cl as the sole source of nitro- 
gen. The amounts isolated were respectively 0.4 per cent and 0.7 per 
cent of the dry weight of the organisms, from which it may be calculated 
that the nucleic acid content is between 2 per cent and 3.5 per cent, 
using the Levene and Jacobs formula, and assuming that the Kruger- 
Solomon method of purine isolation is approximately quantitative. 
Xanthine and hypoxanthine were absent, a fact which indicates that 
little autolysis had occurred during the two months of growth of the 
cultures, the purines present being those of the intact nucleic acid 
molecule. No purines were detected in the filtrate from the bacteria. 
The amino acids, tyrosine and tryptophane, were readily identified in the 
bacteria grown on NH,Cl and glycerol. The total benzene soluble mate- 
rial was 27.2 per cent. The filtrate from these bacteria was a potent 
tuberculin, but failed to show the presence of dissolved protein by any 
of the characteristic color tests. 


REFERENCES 


(1) Krrajma: Cited in Centr. f. Bakt. u. Parasit., Ref., 1903, xxxiii, 727. 
(2) LEvENE: J. Med. Res., 1904, xii, 251. 

(3) RuppPeEL: Zeit. physiol. Chem., 1898, xxvi, 218. 

(4) LEVENE AND Jacoss: J. Biol. Chem., 1912, xii, 411. 

(5) JoBLING AND PETERSEN: J. Exp. Med., 1914, xix, 239. 

(6) Locte: J. Path. and Bact., 1920, xxiii, 224. 

(7) Marte: Ann. I’Inst. Pasteur, 1920, xxxiv, 159. 

(8) Krakow: Wratsch, 1901, cited by IwANoFF. 

(9) IwanorF: Hofmeister’s Beitr., 1902, i, 524. 


a 
off 
| 
i 
4 
4 


THE MECHANISM OF THE BACILLUS CARRIER STATE 
WITH SPECIAL REFERENCE TO THE FRIEDLANDER BACILLUS 


ARTHUR L. BLOOMFIELD 


From the Biological Division of the Medical Clinic of the Johns Hopkins University and 
Hospital 


During the course of experiments on the fate of bacteria introduced 
into the upper air passages, we became interested in the question of the 
mouth as an environment for bacterial growth (1). The rapid dis- 
appearance of foreign organisms after experimental introduction sug- 
gested that the free surface of the buccal mucous membranes, when 
intact, were unfavorable for the colonization and growth of extraneous 
bacteria. As a corollary of this conclusion the question arose whether 
in the so called carrier state the organisms are confined solely to some 
focus of acute or chronic diseased tissue whence they are discharged to 
the free surfaces of the mouth and throat, or whether the organisms 
actually live on and grow diffusely over these surfaces. 

We have found no experimental evidence bearing on this point, but 
clinical observations suggest the great importance of a focus of infection 
in the mechanism of the carrier state. A brief review of these facts may 
be presented before detailing our experimental observations. 


CLINICAL OBSERVATIONS ON THE LOCALIZATION OF BACTERIA IN CHRONIC 
CARRIERS 


In the present discussion we shall consider only so called chronic car- 
riers. By this term we mean individuals who harbor, more or less con- 
stantly, in the upper air passages, some pathogenic organism, either 
following disease, or without any history of previous disease due to the 
organism in question. A few of the main types of such carriers may be 
mentioned to illustrate the principles involved. 

1. Diphtheria carriers. The persistence of positive cultures in many 
instances following diphtheria is a matter of common experience. Often 
the organisms are present for indefinitely long periods—months or even 
years. In such cases they not uncommonly disappear following tonsil- 
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lectomy, when all other measures had previously been unavailing. The 
fact that cultures made from the depths of the crypts or from beneath 
the capsule of the excised tonsils show numerous diphtheria bacilli 
suggests that these glands may be the breeding places of the organisms, 
and that the latter were not growing and multiplying on the free sur- 
faces of the normal mucous membranes. 

2. Streptococcus. ‘The presence of virulent hemolytic streptococci in 
the throats of healthy people has been frequently noted, especially at 
times when streptococcus disease is prevalent. While the organisms 
may occasionally be obtained from the throat or nose, it is found in 
general that a much higher percentage of positive yields results if cul- 
tures are made from tonsil crypts.. Thus, Pitot and Davis (2) found 
hemolytic streptococci in almost 100 per cent of excised tonsils. Fur- 
thermore, it appears that in streptococcus carriers tonsillectomy is often 
followed by the disappearance of the organisms from the throat (Tongs 
(3), Van Dyke (4)). These observations suggest that here again the 
tonsil is often the breeding place of the streptococcus, whence the germ 
is discharged to the free surfaces of the throat without actually coloniz- 
ing there. 

3. Meningococcus. In a variable number of normal individuals men- 
ingococci are found on repeated cultures. Studies such as those of 
Herrold (5) show that a much larger percentage of positive cultures can 
be obtained from the nasopharynx than from the tonsils, nares, or 
sputum. Furthermore, the application of disinfectants directly to the 
nasopharynx seems to lead to the clearing up of carriers more promptly 
than treatment of other parts of the upper air passages. 

In summary, then, the weight of clinical evidence in the case of car- 
riers of important pathogens tends to show that the organisms actually 
colonize in a focus of diseased tissue in the upper air passages whence 
they are discharged to the free surfaces. It seems probable that bac- 
teria do not actually localize and grow upon the latter, but that they are 
constantly washed away only to be replaced by other organisms freshly 
discharged from the focus. We have been unable, however, to find any 
actual experimental proof or disproof of this idea. 

In the course of some studies of Friedlander bacillus carriers, methods 
by which this point might be demonstrated suggested themselves, and 
the present paper deals with these observations. They are based mainly 
on an intensive study of three carriers whose histories are appended in 


some detail. 
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Case 1. G., aet. 50, colored, male. Diagnosis: Syphilis, aneurysm of 
aortic arch, aortic insufficiency, myocardial insufficiency. History: No his- 
tory of severe colds, of sinus infection, tonsillitis, cough or pneumonia. Exam- 
ination: Nose: Negative except for racial hypertrophy of turbinates. Ton- 
sils: Moderately enlarged and injected. Pharynx: Negative. Larynx: 
Negative. Ears: Negative. 

Case 2. W. J., aet. 31, male, colored. Diagnosis: Acute nephritis. His- 
tory: Frequent colds but no sore throats or tonsillitis. No pneumonia. No 
cold “this year.” Examination: Nose: Anterior ends of middle turbinates 
look normal. There is no discharge. Tonsils: Embedded. There are num- 
erous plugged crypts on each side. Pharynx: Negative. Nasopharynx: A 
moderate amount of adenoid tissue is seen. Ears: Drums intact, no retrac- 
tion. Sinuses: Clear on transillumination. 

Case 3. J. H., aet. 34, white. Diagnosis: Chronic rheumatic endocarditis, 
aortic and mitral insufficiency. History: No history of severe colds, sore 
throats, sinus infections, or pneumonia. Examination: Nose: Septum de- 
flected to right, causing partial nasal obstruction. Small amount of dis- 
charge on both sides. Pharynx: Clear. Ears: Marked grade of retraction 
of drums on both sides. Tonsils: Moderately enlarged and adherent. Naso- 
pharynx: Polypoid inferior turbinate posteriorly on right. Eustachian ori- 
fices clear. No discharge from posterior sinus orifices. 


INCIDENCE OF FRIEDLANDER BACILLUS CARRIERS 


Eighty-five unselected individuals were examined. Friedlander bacilli 
were isolated from the throats of five, a percentage of 5.8. 


PERSISTENCE OF FRIEDLANDER BACILLI IN CARRIERS 


In every instance the carrier state persisted during the entire period 
of observation (table 1). We have no idea of its previous or subsequent 
history. 

TABLE 1 


Persistence of Friedlénder bacilli in carriers 


PERIOD OF NUMBER OF NUMBER NUMBER , 
OBSERVATION CULTURES POSITIVE NEGATIVE CEAURE 


42 days 16 16 0 Positive 
36 days 12 12 0 Positive 
4 months 15 13 2 Positive 
3 months 16 14 2 Positive 
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SPREAD OF FRIEDLANDER BACILLI FROM CARRIER TO CONTACTS 


It seemed of interest to determine whether there was any tendency for 
contacts to acquire the organisms from the carriers and possibly to 
‘develop a carrier state themselves. Patient W. was in the ward for sev- 


TABLE 2 
Summary of cultures from Friedlander bacillus carriers and from contacts 


BED 1 BED 2 BED 3 
CULTURE ON CARRIER G. CARRIER J. CONTACT T. 
FEB. 17 MARCH 20 MARCH 20 


March 23.. 
March 24 
March 25 
March 27... 


CONTACT T. 
MARCH 30 


0 
0 
0 
0 


+ 


CONTACT W. 
APRIL 6 


0 


0 
0 
0 


CARRIER J. CONTACT C. 
APRIL 1 APRIL 5 


eral months. During this period 285 throat cultures were made on 31 
other patients in more or less close contact with him. In no instance 
were Friedlander bacilli recovered. Subsequently more careful contact 
observations were made on two other patients. The carrier and the 
contact were placed in adjacent beds. No attempt at isolation was 
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made, and they used the same bed table and to some extent the same 
utensils. Cultures were made daily from the throats of contact and 
carrier (see table 2). At no time were Friedlander bacilli recovered 
from the contacts in spite of their persistence in the carrier. These 
observations agree with our experiments on the rapid disappearance of 
these organisms when experimentally introduced into the mouth in 
large number, and are an interesting contrast to the rapid spread of an 
organism which is producing disease such as occurs, for example, in 
epidemics of streptococcus infection. 


SITE OF LOCALIZATION OF THE FRIEDLANDER BACILLI IN CARRIERS 


Cultures were made from various parts of the upper air passages to 
determine the relative number of organisms present. As appears in 
table 3, while the organisms were constantly found in the pharynx in 

TABLE 3 


Results of cultures made from various parts of the upper air passages in Friedlinder bacillus 
carriers 


DATE OF NARES, NARES, 


CULTURE RIGHT LEFT THROAT RIGHT TONSIL LEFT TONSIL PHARYNX 


March 27 No F NoF | 13 cols. F 
March 29 No F No F o F _ 
April 4 2 cols. F No F o F - 
April 5 No F 1 col. F co F - 
April 6* No F No F 100 cols. F 
April 8* No F No F o F 


March 27 No F o F _ 
March 29 No F No F _ 
March 31 No F No F _ 
April 8* No F No F 3cols.F| 13 cols. F | 4 cols. F 
April 9* No F No F o F 6 cols. F | 22 cols. F 
April 11* | S5cols.F | NoF o F No F 4 cols. F 


* Throat thoroughly gargled with water before cultures were made. 


large numbers, a few were occasionally recovered from the nares as 
well. The sequence of cultures seems to show that such organisms are 
introduced accidentally from the pharynx, and are promptly washed 
away without localizing on the nasal mucosa. Further differential cul- 
tures in two cases also showed that the organisms were constantly pres- 
ent on one tonsil. The tonsil, therefore, seemed to be the focus from 
which the bacteria were disseminated through the buccal cavity. 


) 
CASE | 
= 
| No F 
No F 
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REIMPLANTATION OF CARRIER’S STRAIN ON HIS OWN MUCOUS 
MEMBRANES 


With the above observations in mind, it seemed of interest to reintro- 
duce the carrier’s own strain upon his own mucous membranes. It 
seemed that this might give information as to whether these surfaces 
behave like those of normal individuals in whom the organisms intro- 
duced are promptly washed away;; or whether, in the carrier, the organ- 
isms have adapted themselves to a free growth on the open surfaces of 
the upper air passages. It appeared (table 4) that organisms introduced 
in this way did not persist, but disappeared at the same rate of speed 
as Friedlander bacilli placed on the nasal septum of a noncarrier. 


TABLE 4 
Introduction of carrier’s own strain upon his own mucous membranes 


DATE CULTURE RIGHT NOSE CULTURE LEFT NOSE 


G April 4 2 cols. F. No F. 


1 Loop of solid growth B. Friedlinder—strain G, inoculated on left nasal septum 


(| Cult. immediately No F. o F, 
Cult. after 1 hr. No. F o F, 
Cult. after 24 hrs. No F. No F. 
Cult. after 48 hrs. No F. No F. 
(| March 29 No F. No F. 


1 Loop of solid growth B. Friedlinder—strain J1, inoculated on right nasal septum 


Cult. immediately F. No F. ° 
Cult. after 1 hr. F. No F. 


J Cult. after 1 day Several hundred cols. F. No F. 
Cult. after 2 days No F. No F. 


INTRODUCTION OF A SECOND STRAIN OF FRIEDLANDER BACILLI UPON THE 
MUCOUS MEMBRANES OF THE CARRIER ; 


It seemed of interest to determine how the carrier would react to the 
introduction of a second strain of B. Friedlander. Such an experiment 
was made possible by working with strains sufficiently different to enable 
one to differentiate the carrier’s strain and the organism introduced. 
Carrier G. harbored an organism which had the following character- 
istics: Colonies up to 1 cm. in diameter, confluent; grayish white, slightly 
opaque, sticky growth, not very stringy; microscopically, short Gram 
negative bacilli with moderate capsule formation; fermentation of 
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sugars (twenty-four hours), saccharose +, dextrose +, mannite +, 
lactose0. Carrier J.’s strain grew with a profuse, opalescent, very sticky 
and stringy growth. Short Gram negative bacilli with very marked 
capsule formation; fermentation of sugars (twenty-four hours), dex- 
trose +, mannite +, saccharose 0, lactose 0. When a mixture of these 
_ two strains was grown on the same plate it was readily possible to pick 
out the two different types of colonies. After control cultures had been 
made, each of these two carriers was inoculated with the other’s strain, 


TABLE 5 


Introduction of a second strain of B. Friedlinder upon the mucous membranes of the carrier 


NAME DATE 


G March 28 | Control culture before inoculation (pharynx) = © cols. strain G. A 
large loopful of strain J. (fished from the original plate) was swabbed 
on G.’s tongue and pharynx. 

Culture made immediately (pharynx) = © cols. strain J. —6 cols. G. 

Culture made after 2 hours (pharynx) = © cols. strain G.—no cols. J. 

Culture made after 24 hours (pharynx) = © cols. strain G.—no cols. J. 

Culture made after 48 hours (pharynx) = © cols. strain G.—no cols. J. 

March 28 | Control culture before inoculation (pharynx) = ~ cols. strain J. A large 
loopful of strain G. (fished from original plates) was swabbed on J.’s 
tongue and pharynx. j 

Culture made immediately (pharynx) = © cols. strain G.—no cols. J. 

Culture made after 2 hours (pharynx) = many cols. strain G.—many 
cols. J. 

Culture made after 24 hours (pharynx) = many cols. strain J.—no cols. 
G. 

Culture made after 48 hours (pharynx) = © cols, strain J.—no cols. G. 


and cultures were made at various intervals. The result of this experi- 
ment (table 5) is that the foreign strain replaces the carrier’s strain in 
the cultures for a few hours, but promptly disappears, so that after 
twenty-four hours only the carrier’s strain is recovered. In other words 
a carrier reacts to the introduction of a second strain of B. Friedlander 
just as a noncarrier does. This experiment seems to show then that 
there is no special alteration in the mucous membranes of the carrier 
which makes them a suitable medium for the growth of Friedlander 
bacilli in general. 


ite 
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ATTEMPTS AT CARRIER PRODUCTION 


An attempt was made to produce artificially a carrier state by fre- 
quent reinoculations. An individual, B., was inoculated by swabbing 
the tongue with a freshly isolated strain of B. Friedlander. Cultures 
were taken at various intervals following inoculation and daily reinocu- 
lations were made with these cultures. This process was repeated daily 
for one week. Within twenty-four hours after the last inoculation B. 
was free from B. Friedlander. This result was the expected one and 
Jends some support to the view that a focus of infection is responsible 
for the carrier state in the case of this organism. 


DISCUSSION 


The present report, in summary, presents experimental evidence on 
the mechanism of the carrier state, at least in certain instances. It 
has been possible to show in the case of these Friedlander bacillus car- 
riers that the breeding place of the bacteria is in a definite focus,—the 
tonsil. From this point the organisms are discharged into the open 
pharyngeal cavity, and at times may be introduced into the nose. There 


is no evidence, however, to indicate that any adaptation takes place 
between the bacilli and the mucous surfaces, leading to actual growth 
and multiplication on these surfaces. They react just as the normal 
mucous membranes do, both on introduction of the carrier’s own strain, 
or on the introduction of a second strain of Friedlander bacilli. 


CONCLUSIONS 


1. Of 85 unselected individuals, 5.8 per cent were found to be carriers 
of B. Friedlander. 

2. The carrier state persisted throughout the period of observation. 

3. There was no tendency for contacts to acquire the carrier state. 

4, Differential cultures showed the breeding place of the Friedlander 
bacilli to be in the tonsil. 

5. The carrier’s own strain or a foreign strain of B. Friedlander im- 
planted upon the free surfaces of the mucous membranes disappeared at 
the same rate of speed as in a noncarrier. 

6. It was impossible artificially to produce a carrier state by repeated 
inoculation with B. Friedlander. 
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7. The general conclusion of these observations is that the carrier 
state depends on a focus of diseased tissue which affords a breeding place 
for the bacteria. The organisms do not become adapted to growth on 
the free surfaces of the mucous membranes. 
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CONDITIONS COMMONLY MISTAKEN FOR PULMONARY 
TUBERCULOSIS 


REPORT OF A STUDY OF 1700 CONSECUTIVE CASES 


B. STIVELMAN 
From the Montefiore Home Country Sanatorium, Bedford Hills, New York 


In gathering statistics of faulty diagnoses it is the privilege of the 
specialists to lay the blame at the door of the general practitioner. That 
the specialists can find no such comfort in the case of tuberculosis is 
quickly recognized by anyone who has occasion to check up the correct- 
ness of the diagnoses as made by many experts in this field. At our sana- 
torium an unrivaled opportunity presented itself to check the diagnoses 
of general practitioners as well as specialists in tuberculosis, because it 
is only on the strength of a positive diagnosis, corroborated by at least 
one specialist, that patients are admitted for treatment. 

We are constrained to say, although it is not the intention to be severe 
in judgment on the mistakes of others, that there is a general failure on 
the part of many physicians, not excluding specialists, to realize that not 
all chest conditions can be interpreted on a basis of pulmonary tuber- 
culosis. Furthermore, the impression is gained that no earnest attempt 
is really made to differentiate between tuberculous and nontuberculous 
affections of the lungs. We feel, therefore, that it is entirely pertinent 
to call attention to the number of unwarranted positive diagnoses in the 
last 1700 supposedly tuberculous individuals admitted to our institu- 
tion, and to discuss briefly the differential diagnosis of those diseases 
which were most frequently confounded with phthisis. ! 

In our series 176, or 10.4 per cent, were found to be nontuberculous. 
But while there is a possibility that the final diagnosis at the sanatorium 
may have been incorrect in some cases, especially since for obvious rea- 
sons but few necropsies were obtained, nevertheless, judging from post- 
mortem findings in institutions for the advanced tuberculous, it seems 
that if we erred we did so on the side of caution. 

Ash (1) found 11.6 per cent nontuberculous in 198 necropsies at the 
Boston Consumptive Hospital. He also collected a series of 353 nec- 
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ropsies in other institutions for the advanced tuberculous, of which 38, 
or 10.9 per cent, were nontuberculous. In a more recent study of 
1200 cases McCrae and Funk (2) found 6 per cent nontuberculous on 
clinical examination and 5.2 per cent nontuberculous on postmortem 
study of advanced tuberculous cases. 

The following conditions were erroneously considered as phthisis pul- 
monalis in our series: 


Nonspecific diseases of the upper respiratory tract...............22.eee002- 15 


Chronic nontuberculous lung infections. ees 


Miscellaneous cases: dementia praecox (2), maniac depressive insanity (2), 
tuberculous peritonitis (2), systemic syphilis (2), aortic aneurysm (1), mal- 
ingering (1), pulmonary infarct (1), diabetes mellitus (1), pregnancy (1), 
no definite diagnosis (33) 


The various groups are given in detail: 


CHRONIC BRONCHITIS AND EMPHYSEMA 


Thirty-two cases 


It is not generally appreciated that patients suffering from bronchitis 
and emphysema at times expectorate blood. It is perhaps for this 
reason and the fact that they cough and present numerous adventitious 
sounds in their chests that they are so often considered tuberculous. 
These patients gave a history of cough and expectoration of many years 
duration, and frequent attacks of bronchitis during the winter months. 
At times their sputum was bloodstreaked. Their general health was 
good and they disclaimed toxic symptoms of phthisis. Numerous adven- 
titious sounds could be heard all over their lungs; but resonance over 
the upper lobes remained unimpaired. Acid-fast bacilli could not be 
demonstrated in their sputum and roentgenologic examinations showed 
thickened linear shadows running from the hilum regions towards both 
bases, but no evidence of tuberculous infiltration. 


4 
32 
........ 11 
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A differential diagnosis can be made along the following lines: In 
chronic bronchitis cough and expectoration date back many years and 
even to childhood, and yet the general health leaves little to be desired. 
Adventitious sounds are heard all over the chest but resonance over the 
apices remains unimpaired. Chronic bronchitis is often secondary to 
heart and kidney conditions and complications common in tuberculosis 
are absent in this disease. On the other hand in phthisis a history of 
toxemia is almost always obtainable and the general health has suffered 
considerably. ‘Tuberculosis affects the upper lobes almost invariably 
and when the numerous adventitious sounds are due to this disease the 
sputum will be found to contain tubercle bacilli. ‘Tuberculous compli- 
cations are present in a large proportion of cases. Tuberculosis is mainly 
a disease of adolescence and adults before thirty, while chronic bronchitis 
is frequently a disease of the aged. Fifty per cent of the patients in this 
group were fifty-five years of age and over. Experience teaches that it 
is not safe in most instances to diagnose tuberculosis in this sixth decade 
on a meager history, unless the diagnosis is supported by positive sputum 
and roentgenologic findings. 


CARDIAC CONDITIONS 
Eighteen cases 


Although there are no pathognomonic symptoms of phthisis, cough, 
expectoration, failing health, and hemoptysis have long been considered 
indicative of tuberculous disease. Patients suffering from mitral dis- 
ease very often complain of similar symptoms. It is undoubtedly due 
to this similarity in symptomatology that so many “‘cardiacs” are pro- 
nounced tuberculous. This group of cases was most numerous in the 
series of faulty diagnoses collected by McCrae and Funk and by Ash. 
Fifteen of our cases had mitral disease and in 9 of these mitral stenosis 
was easily detectable. It is a notorious fact that those who suffer from 
mitral disease are very rarely affected with tuberculosis. Brown (3) 
collected figures of 71,115 autopsies with but 0.9 per cent of valvular 
heart disease in phthisis. Birch-Hirschfeld found only 3 cases in 4,359 
autopsies in which mitral disease and tuberculosis coexisted. Statistics 
like these show conclusively that it is hazardous. to diagnose tubercu- 
losis in ‘‘cardiacs,”’ unless the sputum or roentgenologic findings are 
positive. In this connection it is pertinent to mention that positive 
sputum reports are not incontestable. Samples are frequently mixed, 
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labeled wrongly and clerical errors will occur, especially in the large 
laboratories. A rule should therefore be made that when the diagnosis 
rests on the sputum findings, positive reports must be confirmed. Two 
of our cases came with positive reports from reputable hospitals. In 
one, not another positive sputum could be found in 69 examinations. 
The other came to autopsy and no tuberculous lesion could be found. 


NONSPECIFIC DISEASES OF THE UPPER RESPIRATORY TRACT 
Fifteen cases 


Fifteen patients suffering from acute affections of the upper respira- 
tory tract were diagnosed as tuberculous on account of the fact that 
their consorts were tuberculous. Of late there have appeared so many 
feverish reports about the great frequency of conjugal phthisis that 
many would be led to believe that the disease is most frequently propa- 
gated by cohabitation. That this is not the case will be admitted by 
those who are able to differentiate between tuberculous disease and 
tuberculous infection. At our sanatorium where, until recently, no ob- 
jection was raised to the admission of man and wife, tuberculosis in both 
consorts was rarely found. Nor were we often able to find clinical tuber- 
culosis in patients whose consorts were confined to other institutions for 
the phthisical. In the few instances of definite tuberculosis in both 
consorts we were able to ascertain that the disease existed in both before 
the marriage was contracted. 

In the light of cold study it would seem that conjugal tuberculosis is 
accidental. It is the opinion of most reliable authorities (4) (5) that 
the chances of tuberculosis occurring in both consorts are about the 
same as in cancer and insanity. Says Fishberg (6), 


Inasmuch as the phthisical consort has already been infected with tuber- 
culosis in childhood, all new opportunities for reinfection by cohabitation with 
a tuberculous consort are of no avail to produce phthisis. It is her or his 
constitution that determines whether consumption will develop and not the 
opportunity for reinfection. 


Consorts of the tuberculous are not exempt from acute colds. When 
they are so affected, tuberculosis is rarely the etiological factor. Each 
case must be considered on its own merits. 


‘ 
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NEURASTHENIA 
Fifteen cases 


The term neurasthenia covers a multitude of uncertainties. Whether 
patients so diagnosed were suffering from neurocirculatory asthenia or 
associated disorders is not strictly within the scope of this discussion, 
but they were not ill with tuberculosis. They complained of indefinite 
pains and aches and were constitutionally inferior. Their histories 
were unreliable, and they were very prone to suggestion. They felt 
that they could not do a day’s work, and welcomed a diagnosis of a 
definite chronic ailment. Many of such patients make the rounds of 
numerous sanatoria and refuse to believe that they are not tuberculous. 
As a rule such patients will give a typical history of phthisis if they are 
informed of the symptomatology of this disease, but all methods of exam- 
ination will fail to disclose pathological changes in their lungs. 


CHRONIC INTERSTITIAL PNEUMONIA 
Twelve cases 


Chronic interstitial pneumonia was overlooked in 12 cases before 
admission. In 5 of these fibroid phthisis could be excluded only after a 
long period of observation. However, if we bear in mind that inter- 
stitial pneumonia is most often a unilateral affection and occurs more 
frequently in the young, in contradistinction to fibroid phthisis which 
is rarely unilateral and occurs mostly in people over forty, a correct diag- 
nosis will be reached. These patients gave a history pointing to unre- 
solved pneumonia and frequent attacks of bronchopneumonia. Most 
of them were below eighteen years of age, and physical examination dis- 
closed a unilateral involvement. The roentgenological findings were not 
conclusive but the persistently negative sputa clinch the diagnosis. 


BRONCHIECTASIS 


Ten cases 


Ten patients suffered from this disease. Errors in this group were 
undoubtedly due to failure to examine the sputum carefully and to note 
that the lesion was situated in the lower lobes, while the apices were 
comparatively free from disease. Tuberculous people who expectorate 
profusely and have extensive involvement of the lower lobes are hectic, 
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emaciated and soon moribund, and invariably have myriads of tubercle 
bacilliin their sputum. On the other hand, these bronchiectasis patients 
got along comfortably, and were well nourished and free from consti- 
tutional symptoms in spite of their extensive lower lobe involvement 
and profuse and at times foetid expectoration. It is safe to consider 
basal lesions as nontuberculous until proved otherwise. The X-rays 
are of assistance when showing clear apices; but basal lesions, especially 
bronchiectasis, are not well demonstrated roentgenologically. In gen- 
eral, negative findings in the sputa of patients who have extensive 
pulmonary lesions should excite the suspicion of the nonexistence of 
tuberculosis. 


CHRONIC NONTUBERCULOUS LUNG INFECTIONS 


Eleven cases 


Eleven patients were admitted to our institution with symptoms and 
signs of what some authors, for want of a better term, call chronic non- 
tuberculous lung infection. Whether this condition is really a localized 
bronchitis and lobular pneumonia (7), which may later turn into inter- 
stitial pneumonia and bronchiectasis (8), has not yet been determined, 


and probably will not be easily ascertained on account of inadequate 
postmortem studies. Some authors (9) (10) describe an acute, subacute 
and chronic form of this disorder, but scrutiny of this subject shows that 
the last word has not yet been said about this condition. These patients 
gave a history of moderate cough and expectoration of many years dura- 
tion following an acute respiratory condition resembling the grippe in 
manifestation. Their general health left little to be desired, and so far 
as we were able to ascertain they had no recurrent symptoms of toxemia. 
Dulness and diminished breathing with small moist rales were the signs 
usually elicited at either or both lower lobes. The roentgenological 
findings at the site of the lesion were insignificant but the apices were 
invariably free from abnormal densities, thus excluding the presence of 
a parenchymatous tuberculous lesion. Numerous examinations of the 
sputa of all these cases failed to disclose the presence of acid-fast bacilli. 
We did not encounter this condition at the upper lobes. Tuberculosis 
on the other hand is essentially an upper lobe affection; and when cough 
and expectoration of long duration are due to this disease, a history of 
toxic symptoms can be usually elicited; the sputum will show the pres- 
ence of acid-fast bacilli and the roentgenological findings will disclose 
definite evidences of infiltration. 
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It is of interest to note that at our sanatorium we have seen but very 
few postinfluenzal chest conditions resulting from the recent pandemic, 
in spite of the fact that our patients come from neighborhoods where the 
disease was particularly rampant. Possibly the high scale of wages 
and good returns in business enterprises keep many at work who other- 
wise would seek institutional care. 


ASTHMA 


Four cases 


The 4 cases of asthma were never subjected to X-ray examination nor 
was their sputum carefully studied. While the dictum that “asthma 
and tuberculosis occupy a relation of mutual exclusion” is not neces- 
sarily incontrovertible, a diagnosis of tuberculosis in an asthmatic should 
not be made unless tubercle bacilli are found in the sputum or the X-ray 
findings are indisputable. 


GASTRIC ULCER 


Three cases 


In 3 cases the gastric disturbances of early phthisis were relied on for 
a final diagnosis. Gastric ailment, loss of weight, and failing health, 
were what these patients complained of. One had severe hematemesis 
which prior to admission was mistaken for hemoptysis. It is indeed 
difficult at times to differentiate between hematemesis and hemoptysis 
and many an experienced physician has thus been led to err. Blood 
coughed up may be swallowed and then vomited and conversely blood 
vomited may be aspirated and then coughed up. In either case blood 
will be found in the stool. But there is one sign which may be helpful; 
if the patient after the initial gush of blood continues to expectorate 
blood streaked sputum for several days the hemorrhage came from the 
lungs. On the other hand, if no streaked sputum follows the initial 
loss of blood, the bleeding is extrapulmonic. 


PULMONARY ABSCESS 
Four cases 
Reliance on symptoms alone and failure to study the sputum care- 


fully probably accounted for the errors in this group of cases. Given a 
patient with a history of cough, expectoration, high fever and rapid 
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emaciation, immediately following a septic process or pneumonia, and 
expecially a surgical operation of the upper respiratory passages, the 
existence of abscess of the lung cannot be excluded unless tubercle 
bacilli are found in the sputum. 


DYSTHYROIDISM 
Four cases 


Although the determination of the basal metabolism was not resorted 
to, 4 instances of dysthyroidism were detected. They presented the 
cardinal signs and symptoms of this condition, and were free from 
pulmonary disease: 


MISCELLANEOUS CASES 


We found 2 each of the following: gastric malignancy, dementia pre- 
cox, maniac depressive insanity, tuberculous peritonitis, and systemic 
syphilis; and 1 each of aortic aneurysm, malingering, pulmonary infarct, 
diabetes mellitus and pregnancy. The aortic aneurysm was shown by 
the roentgen ray. The malingerer purchased tuberculous sputum and 


presented it for examination; while the pulmonary infarct followed mas- 
sage of unusually prominent and somewhat inflamed varicose veins of 
the lower extremities. 

In 33 cases no definite abnormalities could be detected. They were 
in good health and probably welcomed a vacation. 


COMMENT 


It has been stated that tuberculosis is overlooked ten times more 
often than it is diagnosed. This may be true of that part of the popu- 
lation which offers little opportunity for clinical investigation. But 
tuberculosis is unquestionably much overdiagnosed in those who for 
some reason present themselves for examination in the clinics of large 
municipalities.. 

Scrutiny of the foregoing data discloses the fact that the errors in the 
diagnoses were due to lack of care and thoroughness, failure to examine 
the sputum carefully, disinclination to utilize the roentgen rays, and, 
above all, failure to correlate the history and clinical findings. It does 
indeed seem as if some health agencies consider most individuals, who 
for some reason present themselves for examination, as tuberculous until 
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proved otherwise. This is difficult to understand, but is supported by 
the fact that incorrect diagnoses emanate from these sources with 
amazing frequency, regardless of the diagnostic standards laid down by - 
wellmeaning scientific bodies. 

The disastrous results of this state of affairs are far-reaching and can- 
not be adequately described in a short communication. Suffice it to 
say that for many patients a diagnosis of tuberculosis means absolute 
neglect of the real cause of the complaint and not infrequently irrepar- 
able damage is thus done. On the other hand fairly healthy individuals 
once diagnosed tuberculous, become permanently dependent economic- 
ally. They acquire a selfish attitude and will not attempt to support 
themselves for fear of a breakdown as a result of such efforts. These 
newly created hypochondriacs make the rounds of many easily accessible 
sanatoria and insist that they are in need of treatment and refuse to be 
convinced to the contrary. Others are ostracized by their families and 
are refused employment in reputable establishments for fear of spread- 
ing the disease. 

How often happy families are disrupted, lucrative businesses sold out, 
children committed to asylums and preventoria, and innocent people 
banished to distant climatic health resorts, it is impossible to estimate, 
but judging from our experience such instances are by no means infre- 
quent. Funds from public coffers are wasted, and for lack of accommo- 
dation, the real tuberculous are often put on the waiting list. And the 
guilt must be laid at our door. 

That this unfortunate circumstance requires serious consideration 
there can be no doubt. The welfare of the community demands that 
more caution be exercised in the diagnosis of phthisis. 


SUMMARY 


1. Among the last 1700 cases sent to us suffering from tuberculosis, 
176 or 10.4 per cent were nontuberculous. 

2. The conditions most frequently diagnosed incorrectly were: Chronic 
bronchitis and emphysema, cardiac conditions, nonspecific diseases 
of the upper respiratory tract, neurasthenia, chronic interstitial pneu- 
monia, bronchiectasis, chronic nontuberculous lung infections, asthma, 
gastric ulcer, pulmonary abscess, dysthyroidism. 

3. It is hazardous to diagnose tuberculosis in individuals over fifty 
and those suffering from mitral disease, unless sputum or X-rays are 
positive. 
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4, It is safe to consider lesions confined to the lower lobe as non- 
tuberculous until proved otherwise. 

5. Marital phthisis is exceedingly rare. Tuberculosis in one consort 
has no definite etiological relation to phthisis in the other. 

6. Extensive unilateral lesions are often nontuberculous, while ad- 
vanced phthisis is usually bilateral. 

7. Positive sputum reports are not incontestable. When the diag- 
nosis rests on the presence of acid-fast bacilli in the sputum, the findings 
must be confirmed. 

8. Care and thoroughness, sputum studies, free use of the roentgen 
ray, and, above all, the proper correlation of history, symptoms and 
physical findings, will make for more accurate diagnosis and more intel- 
ligent treatment. 
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A RECENT STUDY OF THE INDIGENT MIGRATORY 
CONSUMPTIVE PROBLEM! 


DWIGHT E. BREED? 
Austin, Texas 


In our study of the migratory consumptive question I have been con- 
vinced that we have had no reliable data on which to base an estimate 
as to the cost or extent of this problem in the Southwest. It is true 
that we have some careful studies made several years ago and that a 
general survey of the migratory consumptive evil has been in the process 
of preparation during the past year. I have felt, however, that the 
better way to get the exact facts in this matter is to take a typical resort 
community, one to which consumptives come from various parts of the 
country, and to send into that community one of our field workers to in- 
tensively study, and personally interview these migratory consumptives. 

It is especially true that in the State of Texas there are a number of 
consumptives who have come to this State for better health. Undoubt- 
edly, if these migratory consumptives were placed in sanatoria, benefit 
would come both to themselves physically and to the State economic- 
ally. However, it may be easily seen that if these wanderers enter the 
State without being financially well fixed or with little savings, or with- 
out being able to work except at intervals, these migratory consump- 
tives are neither fair to their own health nor to the economic condition 
of the community in which they settle. 

In this survey no attempt had been made to present any argument 
in the solving of the problem of the indigent migratory consumptive. 
I have here merely placed figures which may be studied in order to 
show the extent of this problem within a typical health resort community 
to which, naturally, these migratory consumptive persons wander. 


MORTALITY STATISTICS 


The population of the community under discussion is approximately 
16,000. The mortality statistics that I am going to give you are com- 
piled for the year beginning September 1, 1918, and ending September 1, 


1A digest of remarks made at the Southwestern Tuberculosis Conference, October 2, 1919. 
2 Executive Secretary, Texas Public Health Association. 
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1919. Their authenticity I am able to vouch for. During the year 
under discussion there were 208 deaths in this community with its popu- 
lation of 16,000—the death rate being therefore 1300 per 100,000. This 
you will see is slightly below the death rate of the United States at large, 
which is reported as 1420 per 100,000.* 

Of the 208 deaths, 80 were caused by tuberculosis, or a death rate 
from this disease in the community of 500 per 100,000. Since the tuber- 
culosis death rate for the United States is estimated as 146.6 per 100,000,* 
it is evident that this excessive death rate from tuberculosis is caused 
by the great amount of migration of tuberculous people into this 


community. 


PLACE OF BURIAL 


Let us look for a moment at the places where the burial of those 
who died from tuberculosis took place. Thirty-four were buried at 
the place of death, while 46 were removed to other places—16 of these 
to other States. It will, therefore, be seen that the bodies of 46 people 
who died of tuberculosis in this community were taken away from this 
town for burial. This would tend to show the great number of people 
who came to this community from other places and made this. their 


temporary home. 


RESULTS OF PERSONAL INVESTIGATION 


Not only was a study made of burial certificates and death rates, but 
193 people who had tuberculosis were personally interviewed by our 
investigators. Many of those who were interviewed lived in typical 
health resort districts of small open air bungalows. 

As a sidelight on the cost of the migratory consumptive to the com- 
munity in dollars and cents, let me say that I am informed by the head 
of an organization, which is responsible for relief work in this community, 
that during the 12 months covered by the survey the organization has 
spent $1,128.77 on 20 indigent tuberculous people, and that over 40 of 
them applied to him for financial aid. A list of the names of these 20 
indigents who were assisted was given to our investigators who were 
able to locate only six of them. The remainder had evidently roved on 
to other places. This shows that there were a great many wanderers 


* United States Public Health Report, July 4, 1919. 
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who came into this community and left within so short a time, that our 
investigators were not able to find them. 

However, very interesting figures come from the investigation of those 
who have come into this community in search of health and have settled 
even for a short time. 

These figures tend to indicate the economic loss occasioned by a tuber- 
culous person entering a community without sufficient financial means, 
not to mention the bad effect upon his health of a long, dusty, tiresome, 
worrying railroad journey, which assuredly greatly weakens his vitality. 

Of the 193 persons interviewed, 97 were male and 96 female. It is 
interesting to note also that 70 of these 193 were single; that is, 36.27 
per cent of the total number. To these 70 who were single may be 
added 20 more who were either widowed or divorced, in order to deter- 
mine the number without marriage ties or responsibilities. This makes 
a total of 90 or a percentage of 46.63 per cent of those interviewed. 


OCCUPATION 


We were especially interested in seeing what the previous occupation 
of these people. had been, and what was the occupation of those who 


were at the time of the survey able to work. We found that 72 or 37.30 
per cent of the total number were high class business men, had a pro- 
fession, or workers in trades or skilled occupations. Sixteen, or 8.29 
per cent of them had been farmers. ‘The housewives total 52, or 26.94 
per cent, of whom 42 had children. Nine, or 4.66 per cent, were common 
laborers. Forty-four, or 22.8 per cent, were in unclassified occupations, 
including school boys and girls or those without any occupation. 

It is important to note that 16 farmers, even though engaged in a 
healthful, outdoor occupation, were victims of tuberculosis. 


PRESENT FINANCIAL CONDITION 


We have attempted also to find out something about the financial 
condition of these health seekers. Very few of them seemed to object 
strenuously to giving information to our investigators, even upon such 
a personal matter as their financial status. In fact, most of them seemed 
to realize that the survey was being made to benefit their condition and 
that of other consumptives throughout the country. They were entirely 
willing to give any information which would make plain the conditions 
at these health resorts. 


; 
. 


INDIGENT MIGRATORY CONSUMPTIVE PROBLEM 869 


It is selfevident that those who are dependent on relatives, on friends 
or charity, or upon limited savings or labor, which may cease in case 
their health should fail them to any great extent, are in a somewhat pre- 
carious financial condition and that the withdrawal of such support, 
the using of small savings, or the loss of work might throw them upon 
the charity of the community. Out of these 193 tuberculous persons 
interviewed, 63 were in a precarious financial condition. This is 32.64 
per cent of the total number. Of these, 21 were dependent on relatives 
other than parents or children. Fifteen were dependent on friends or 
charity, while 20 were dependent upon small savings or labor, which 
might cease at any time through sickness. 

There are also 7 who have a legal claim for support upon some rela- 
tive such as parents upon their children or children upon their parents, 
yet those who support them are not well able to do so. 

It will be seen, therefore, that out of the 193 people who are known to 
be tuberculous in this community of 16,000, there are today 63 people 
to whom the loss of a day’s work or the loss of an income from friends 
or relatives would mean destitution. Of these 63 people who are in a 
precarious financial condition, 56 have come to this community from 
other cities or states. This is, it seems to me, an indication that many 
of those who have come to this place for health are unable to support 
themselves, and are liable at any time to become an economic charge 
to the community. 

One hundred and thirty or 67.36 per cent were considered by our 
investigators as being in an apparently financially safe condition. The 
large number of these were men and women who came here years ago 
and who have so far as possible recovered their health, and remained and 
engaged in business. A number of these also were wives of business 
men who had been urged by physicians to go West on account of their 
wives’ health. Practically all of those who have been considered as 
financially safe are engaged in some business which will permit of some 
leniency as to working hours, etc., in case of a breakdown of health, or 
engaged in some profitable business from which there is a steady income, 
or have a substantial savings account. 


STATES WHERE DIAGNOSED 


It is interesting to note the many and varied placed from which these 
wanderers come. Of the 193 cases interviewed, 66 were diagnosed as 
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tuberculous in other states. The states which contributed the largest 
number of these migratory consumptives are Tennessee and Oklahoma, 
which provided 10 each. Arkansas ranks next with 8; Illinois, Missouri, 
Mississippi and Louisiana follow with 5 each. You will notice that I 
am mentioning states where the disease was diagnosed. This does not 
include a large number of people who have been advised to go West 
because they had “‘some form of lung trouble, but not tuberculosis;” 
or the other group who were anaemic and to whom a “change of climate 
would be advantageous.”’ We all know that the big majority of this 
type of people are actually tuberculous at the time they leave their 
homes, and if they knew the truth they would understand that they are 
being sent to the southwest because of tuberculosis. 

Of the 127 cases interviewed which were diagnosed in Texas, 106 were 
diagnosed at some place within the state other than the community 
in which the survey was made. In summing up we may say that 34.2 
per cent of those interviewed came to Texas from other states suffering 
from tuberculosis while 54.9 per cent came from some other place within 
the state, leaving only 21 or 10.9 per cent of the cases as actually diag- 
nosed within the community; or a total of 89.1 per cent of those inter- 
viewed had come to this community from other places. 


NUMBER WHO HAVE TRIED OTHER PLACES 


To further show the extent of the wandering of these consumptives, 
the fact may be interesting that 59 of the 193 tuberculous patients had 
been.in other communities “for their health.” Sixty-four of them, or 
33.16 per cent, have been in a sanatorium at some time in the past, 58 
of them at the State Tuberculosis Sanatorium. These figures show that 
30.5 per cent of this entire group have been wandering about to a greater 
or less extent, looking for a place where they could recover their health. 


LENGTH OF TIME IN THIS COMMUNITY 


An index to the migratory consumptive problem may be found in the 
length of time tuberculous persons stay in any one place. It is self- 
evident that there is danger in the migration of tuberculous people from 
place to place. Fifty-four out of 193 cases of tuberculosis actually 
interviewed have been in this community less than 90 days; 46 more have 
been there from 3 months to a year. This means that there are an even 
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100 out of the 193 who are suffering from tuberculosis that have lived 
in the community for less than 12 months. Do not forget that the com- 
munity has a population of 16,000, which tends to show that one out of 
every 160 people in this town is a consumptive who has come there 
within the last year. These figures show the tendency of the migratory 
consumptive to stay in a place for only a short time, and then wander 
on in search of health. 


KNOWN FAMILY HISTORY 


It has, of course, been practically impossible for us to get any statistics 
on the cause of infection, although it is easily recognizable that the con- 
sumptive who brings children to the state has made greater the chances 
for the rearing of tuberculous children in Texas through personal con- 
tact. Itis a well known fact that data on the cause of infection is diffi- 
cult to secure. We are interested, however, to see that out of the 193 
interviewed, 103 or 53.37 per cent reported that to the best of their 
knowledge some member of their family had had tuberculosis in times 


past. 
CONCLUSION 


I offer these statements and figures as a small bit of evidence that the 
migratory tuberculosis problem is to-day an acute one in the Southwest. 
I am convinced that until some such study is made in many communi- 
ties throughout the Southwest, we will have little actual basis upon which 
to place our requests for legislation to prevent the indigent migratory 
consumptive from entering the state, or at least care for him. 


STATISTICS OF SURVEY 


This survey was made by field workers of the Texas Public Health 
Association during August and September, 1919. It covers the year 
from September 1, 1918, to September 1, 1919. 


Mortality statistics 


Total deaths, September 1, pitti 1, 1919 
Estimated population of city. . 
Death rate of city per 100,000. ‘ 
Death rate in the United States per 100, 000. ‘ ‘ 
Tuberculosis deaths in city, including 12 from parenene sad pneumonia 

where tuberculasis was contributing cause . 

Tuberculosis death rate per 100,000 in city. . 
Tuberculosis death rate per 100, 000 in the United States. 


208 
16,000 
1,300 
1,420 
80 
500 

146.4 
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Place of burial 
per cent 


Persons interviewed 


Number, having tuberculosis, 


Marital relation 


Single. . 

Maciel. 

Widowed « or 


Occupation 


Professional . 

Trades or skilled oocmpations ... 

Farmers . 

Housewives . 

Other 

No occupation (ocho! 


Present financial condition 


Precarious financially . . 
Dependent on relatives. 
Dependent on parents or ‘eileen. 
Dependent on friends or charity . . eer 
Dependent on own labor or limited 


Places where diagnosed 

(City surveyed. 2 "10.88 per cent) 
Other states, countries, etc . 
Oklahoma and Tennessee leah. 
Illinois, Louisiana, Miseiseippi, ‘Minsouri (each) 
Alabama . 
Army, California, ‘wer Ohio, Penn- 

sylvania, Canada, and Mexico (each) 


i 872 
193 
97 50.26 
96 49.74 
| 36.97 
103 53.37 
20 10.36 
92 47.67 
40 20.73 
8.29 
4.66 
52. 26.94 
20 10.36 
24 12.44 
130 67.36 
7 63 32.64 
28 «14.51 
7.97 
20 10.36 
127 65.8 
66 34.2 
10 
8 
| 5 
4 
3 
2 
1 
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Number who have tried other places for health 


Not including those who have been in State Tuberculosis Sana- 


Number who have been in a sanatorium 


Number who have been at state 
Number who have been in sanatoria...............0-0e0. 


Time in city surveyed 


Home surroundings 


Prospects for arresting disease 


Family tuberculosis history 


¥ 
| 873 
64 33.16 
54 27.98 
46 23.83 
93 48.19 
11 5.69 
158 81.87 
103 53.37 
| 
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PLEURAL INFECTION COMPLICATING ARTIFICIAL 
PNEUMOTHORAX TREATED WITH GENTIAN 
VIOLET 


A PRELIMINARY REPORT 


BERTRAM H. WATERS 


Loomis, New York 


Within the past few years various dye substances, especially those 
better known in laboratory work, such as methylene blue and gentian 
violet, have been studied with reference to their chemotherapeutic value 
and their action on bacteria. Churchman (1), (2), (3) has recently 
published observations and clinical reports on gentian violet which 
would indicate that it may be a valuable agent in the treatment of joint 
and other infections with the ordinary pyogenic organisms, particularly 
those of the Gram positive group, such as the pneumococcus and staph- 
ylococcus. His most extensive experience has been with infections 
of the knee joint, and in this connection he has devised an apparatus for 
irrigating and aspirating the joint cavity. After preliminary anesthesia 
with procain solution, he distends with physiological saline solution and 
withdraws, repeating until clear, then introduces a 1: 1000 aqueous gen- 
tian violet solution for five minutes, and finally a 1: 10,000 solution, 
which is allowed to remain. He has obtained excellent results in a few 
cases so treated, and suggests that the method may well be extended to 
the treatment of other infected serous membranes, mentioning the 
pleura. 

Pyothorax consequent to the development of spontaneous pneumo- 
thorax, or to the rupture of the visceral pleura in artificial pneumothorax, 
occurs especially in tuberculosis resulting in an infection of the pleura, 
often with virulent secondary organisms in addition to tubercle bacilli. 
In other instances such infection may perhaps occur, as in empyemas 
complicating pneumonia, through the formation of a subpleural abscess, 
as pointed out by Moschowitz (4). The mortality of pyothorax compli- 
cating pulmonary tuberculosis has been high, and its occurrence conse- 
quent to artificial pneumothorax is frequently fatal. Recoveries have 

875 


; 
‘ 


876 BERTRAM H. WATERS 


been seen when the infection was purely tuberculous, and Cocke (5) has 
recently reported a recovery following open drainage, for patients in poor 
condition a formidable procedure, and, in the tuberculous, liable to result 
in persistent sinus. 

The occurrence of septic infection of the pleura in two instances, dur- 
ing the course of artificial compression of the lung in pulmonary tuber- 
culosis, led us to adapt to the pleural cavity a method similar to that 
which Churchman had described and used for the knee joint. Within 
twelve to twenty-four hours in the first case a marked and striking change 
for the better was noted, repeated to a lesser degree after the second 
treatment, the patient subsequently recoverng from this serious compli- 
cation although marked prostration and a low fever persisted, which 
were associated with a fresh development of tubercle in the opposite 
lung. The bacteriological reports on the pleural fluid withdrawn at 
intervals confirmed our clinical observations. 

The outcome was even more gratifying in the second case, although 
the change in the clinical condition was perhaps not quite so striking, 
and again the bacteriological reports paralleled the clinical observations. 
These results are so unusual as to justify this preliminary report and 


warrant a more extended trial of the method. 


CASE REPORTS 


Case 1. Admitted March 9, 1919. Symptoms since early 1917. Four- 
teen months’ previous sanatorium treatment. Contracted epidemic influenza 
in October, 1918. Since then continuously febrile. Extensive involvement 
of the left lung with cavitation. Moderate infiltration of the right upper 
lobe. Disease active and progressive. Sputum contained numerous tubercle 
bacilli. Stereograms showed evidence of diffuse infiltration and multiple 
cavitation of the left lung with thickened pleura and retraction of the chest, 
and localized parenchymatous deposits in the right upper lobe with slight 
peribronchial thickening below this. Artificial pneumothorax was not con- 
sidered advisable or possible. Six months later the condition becoming stead- 
ily worse, and although new stereograms showed slightly more mottling in 
the right lung, therapeutic pneumothorax was undertaken as a last resort 
and with little hope of success. A fairly free pleural space was found with 
a rapid and marked symptomatic response. Refills in amounts varying from 
300 to 500 cc. at the usual increasing intervals. Within a month the patient 
was practically afebrile and gaining in weight, cough and sputum being much 
reduced. A month later allowed to sit up out of bed and a month later trans- 
ferred to a cottage for ambulatory patients. Up to this time no positive pres- 
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sure was required and the lung, an elongated ovid shell, occupied the region 
between the 3rd and 7th dorsal spines. A little later a moderate pleural 
effusion developed, with rapid formation of adhesions and contraction of the 
pleural space, and very small amounts of air (100 to 150 cc.) caused consider- 
able rise of manometric pressure. These small refills were continued in order 
to prevent total adhesion and expansion of the diseased lung. Five months 
after beginning compression, a refill of 150 cc. had been given, with a maxi- 
mum pressure of +18 +14 cm. water (corrected pressure), the reading prior 
to the introduction of air having been —6 —18. Following this rather high 
pressure the patient experienced no unusual discomfort or reaction. Three 
days later, however, she complained of feeling chilly and of a pain increasing 
in severity in the left infrascapular region. At the same time the tempera- 
ture rose, reaching 104° the following day, and later 105°. Dyspnea also 
became noticeable with marked prostration, rapid pulse, and slight cyanosis. 
Dulness at the base of the chest posteriorly and a sucussion splash were noted; 
and 350 cc. slightly turbid fluid of an amber color were removed with some 
relief of pain and the sense of pressure, but with slight and temporary dimi- 
nution of temperature. The fluid was highly albuminous and smears showed 
numerous Gram positive cocci, identified culturally as Staphylococcus aureus 
and a few diplococci, the morphology of which suggested pneumococci. The 
patient rapidly became worse and four days later with temperature of 105.6°, 
pulse 160, respirations 52, she seemed moribund. On March 7, 1920, the 
pleura was first washed with saline solution, then with a dilute gentian violet 
solution, and the chest was left partly filled with it. The solutions were 
introduced by means of a 50 cc. glass syringe through an 18 gauge Luer needle 
inserted in the upper axilla, and withdrawn through an aspirating needle of 
somewhat larger size, inserted near the base, posteriorly communicating with 
a Potain suction bottle. About 1000 cc. warm physiological saline solution 
were required to wash the pleura clean. A 1:5000 aqueous gentian violet solu- 
tion was allowed to fill the chest for several minutes and was slowly withdrawn, 
after which as much as could be tolerated without uncomfortable pressure 
(about 150 cc.) was introduced and allowed to remain for the bacteriostatic 
effects. The following morning a striking remission of temperature was noted 
with a corresponding diminution in pulse and respiration rate (chart 1). The 
picture much resembled that of the crisis in pneumonia. The treatment was 
repeated the following day and continued every other day, with slight increase 
in the strength of the gentian violet solution, until the secondary infection 
was under control. The acute symptoms disappeared with improvement in 
strength and appetite. Temperature remained subnormal for four days and 
then rose coincidently with the development of a needle track abscess, and 
fluctuated while this condition lasted. At this time, smears of fluid which 
had been allowed to remain in the pleural cavity for forty-eight hours showed. 
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a few Gram positive cocci, and a few colonies of staphylococci were grown on 


an agar slant, but the number was much reduced. Five days later sediment 
from the pleural washings contained a few diplococci and epithelial cells, but 
the organisms were evidently not viable as they failed to grow on dextrose 
broth or agar. Pus from the needle track abscess showed.numerous staphylo- 
cocci, which grew readily, with a few Gram positive diplococci not identified, 
but probably similar to those isolated from the pleural fluid. After incision 
and drainage a similar method of treatment was used here with satisfactory 
results, the surface of the wound dried clean with sterile gauze or cotton, the 
sinus flushed clean with warm saline solution by means of a small glass syringe, 
again dried, and dressings were applied with packing when necessary. The dis- 


X indicates’ treatments give. 


1 


charge gradually diminished, becoming serous in character, with final healing 
of the wound after a course of several weeks. Smears made from the discharge 
after three weeks failed to show organisms, but staphylococci grew on culture. 
The pleural irrigations and instillations were continued at somewhat longer inter- 
vals and it was possible to use a 1:2500 solution without indications of pleural 
irritation or toxic effects. A few pus cells and cocci persisted in smears from the 
pleural sediment with negative cultures, but within four weeks from the date 
of the first irrigation both smears and cultures were negative. Treatment 
was discontinued shortly afterwards, leaving some of the gentian violet solu- 
tion in the chest, which was apparently sufficiently effective to inhibit further 
development of the infection. Some organisms were again recovered but 
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they failed to grow on culture media. Tubercle bacilli were not found in the 
smears, but guinea pig inoculation with the original exudate resulted in gen- 
eralized tuberculosis, acid-fast bacilli being recovered in the smears of all the 
organs involved. 

Case 2. Admitted February 14,1918. Symptoms date to early December, 
1917. Extensive infiltration of left upper and upper part of left lower lobes, 
and infiltration of upper part of right upper lobe. Sputum contained numer- 
ous tubercle bacilli. Stereograms showed severe infiltration and multiple 
cavitation of left upper lobe, less marked infiltration of right upper lobe. 
After several months of unsatisfactory progress with strict rest treatment, 
marked by persistent fever and several hemoptyses, artificial pneumothorax 
was induced on the left side. Improvement was slow and interrupted by sev- 
eral febrile periods, but gradually the sputum diminished from 70 grams to 
7 grams daily, tubercle bacilli disappeared and moderate exercise was allowed. 
A small amount of pleural effusion then developed; and as it accumulated with 
beginning organization, it was partly aspirated and replaced by air, this 
operation being continued as frequently as indicated. Obliterative adhesions 
developed at the base with resulting contraction of the pleural space, render- 
ing only small refills possible, at considerable intervals. While absent from 
the Sanatorium and probably following overexertion, and almost two years 
after the induction of pneumothorax, chills, fever, pains referred to the abdo- 
men and left side with nausea and considerable fever developed, and physical 
signs of fluid in the left chest were confirmed by radiograph and exploratory 
puncture. On May 19, 1920, 750 cc. of thick gray pus were aspirated, of which 
stained smears showed staphylococci and a few Gram positive diplococci, both 
organisms growing on culture, the former greatly predominating. Tubercle 
bacilli were not detected in smears, but guinea pig inoculation revealed them. 
Treatment by lavage and gentian violet instillation was instituted in the man- 
ner already described except that at first a single needle was employed for 
both introduction and withdrawal of solutions. Bacteriological examination 
of specimens of fluid removed two days and one week later showed fewer organ- 
isms in the smears and the colonies on inoculated media. A specimen removed 
after eleven days showed no definite organisms and no growth, Ziehl-Neelsen 
stain showing occasional doubtful acid-fast rods which later on were found 
in more abundance. The clinical condition improved immediately after 
treatment, the temperature curve becoming normal within forty-eight hours 
(chart 2). A week later it rose moderately because of activity of the tuber- 
culous process. Pus removed on July 18 was of a brownish-yellow color and 
bacteriological reports were negative. The pleura, however, was washed 
fairly clean through a single needle and a 1:5000 gentian violet solution again 
instilled, about 150 cc. being allowed to remain. The patient was then entirely 
afebrile and ambulatory. A month later smears showed definite acid-fast 
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bacilli. The pus which had accumulated was aspirated and 250 cc. of air was 
introduced equalizing the pressure. The further progress of the case has . 
been satisfactory and uneventful, despite the tuberculous pleural infection. 


The outcome in both these instances was so unusual and so directly con- 
nected with the method of treatment employed, that it seems more than 
likely that the latter played an important part in the results obtained. 
The general principles followed were (1) the mechanical removal of the 
infected exudate (pus) from the chest and thorough cleansing of the pleu- 
ral surface, and (2) the application of an efficient chemical agent by 
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CHART 2 


direct and effective contact with this surface. The action of the dye on 
the pyogenic organisms im vivo Churchman characterizes as bacterio- 
static rather than bactericidal and his experiments indicate that it has 
considerable powers of penetration and that its effects are manifest in 
comparatively weak solution. Gentian violet has an important advan- 
tage over most antiseptics and chemical agents in its low toxicity and the 
absence of symptoms of pleural irritation following its application in the 
manner described. Considerable amounts of solution can be left in the 
chest and it is not necessary to constantly reintroduce it or to provide 
continuous drainage apparatus as with Dakin’s solution. Whether it 
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may be successfully employed in the postpneumonic empyemas, so fre- 
quently seen in general hospitals, we are not prepared to say. However, 
the experience of the United States Army training camps has shown that 
the ordinary methods of treatment have been in many respects unsatis- 
factory. This is well brought out by Moschowitz (4), who advocates 
delaying operation beyond the formative stage and following it by irri- 
gation with Dakin’s solution and suction-drainage. Consequently, any 
auxiliary procedure based on rational grounds and a practical method 
which may be applied in the earlier stages of pus formation, deserves 
careful consideration. No inference is justified from our experience 
that the procedure should postpone or supplant operation when it is 
indicated. | 

An interesting point in connection with the cases here reported is that 
of possible pleural communication with a bronchus. The fact that 
violet colored expectoration was not noted in either case negatives the 
probability of.such communication and perhaps, also, the occurrence of 
pyothorax in the usual way by rupture of the outer wall of a cavity and 
suggests instead the lymphatic route of infection. : 

The demonstration of tubercle bacilli in the pus in both cases and 
their persistence after secondary infection was overcome, confirm the 
observation of record (6) that they are much less sensitive to gentian 
violet than are the ordinary pyogenic cocci. Alone, however, tubercle 
bacilli appeared in both cases to be fairly well tolerated by the pleura 
while the pyogenic infection produced acute and grave symptoms. 

The collation and preparation of the clinical data upon which this 
report is based is the work of the members of the Medical Staff of Loomis 
Sanatorium, who deserve the greatest credit for their skilful manage- 
ment and careful observation of these cases. 
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TUBERCULOSIS FROM THE STANDPOINT OF THE 
POSTMORTEM! : 


H. E. ROBERTSON 


Minneapolis, Minnesota 


The autopsy affords a most important opportunity for studying the 
incidence and character of tuberculous processes. The knowledge thus 
gained is supplementary as well as complementary to that obtained by 
the study of living patients. Any approach to complete understanding 
needs both methods. Neither is adequate without the other. 

As with the clinical examination, however, the extent and thorough- 
ness of the pathological survey profoundly influences the accuracy and 
breadth of the observations and also the conclusions. For example, 
one pathologist may perform a thousand autopsies and his records will 
contain references to only frankly outstanding tuberculous lesions. 
Another, by exercising the most painstaking search, perhaps employing 
X-ray photographs to detect tiny calcareous masses, and by a narrow 
interpretation of his facts, may thus demonstrate an extraordinarily 
high incidence of the disease. For many years I have been especially 
interested in the occurrence and types of tuberculosis found in the human 
body and as the result of this study, have reached certain conclusions, 
which, I believe, have a distinct bearing on some of the problems which 
have so long concerned workers in this special field. 

Our first concern is with the general incidence of tuberculosis. We 
are all familiar with Naegeli’s startling announcement of the finding of 
tuberculous foci in 97 per cent of 500 autopsies performed at Ziirich, and 
Burkhardt’s almost equally ominous percentage of 91 in 1262 postmor- 
tems in Dresden. While other pathologists give figures ranging from 30 
to 60 per cent, Harbitz’s estimate of 50 to 70 per cent for all ages seems to 
more nearly express the usual finding in this country. Exact figures are 
not only of little importance but are exceedingly difficult to obtain. 
Inaccuracy of observation as well as the difficulty of interpreting tiny 
healed lesions make certain a varying amount of error. From my own 


1 Read at the Eighth Meeting of the Mississippi Valley Tuberculosis Conference, Duluth, 
Minnesota, September 4, 1920. 
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observations extending over a period of fifteen years, I should estimate 
that nearly 50 per cent of all people of all ages show the presence of 
either healed or active foci of tuberculosis. Of the remaining 50 per cent, 
certain evidences may be presented that would lead one to believe that 
fully one-half of these, at some period of their life, have been menaced 
by virulent tuberculosis bacilli. This high incidence means that there 
is no rule of immunity on which we may rely. Like the risk of illuminat- 
ing gas poisoning or being run down by an automobile, our only sure 
safety lies in complete avoidance of the cause. 

The next consideration deals with the character of the lesions found at 
autopsy by means of which a diagnosis of tuberculosis is usually made. 
They may roughly be arranged by classes in the order of frequency of 
their occurrence. The most common lesion found is an old healed pleu- 
ritis with or without fibrous adhesions. These vary all the way from a 
slight opacity of the apical pleurae, often with puckering, to complete 
obliteration of one or both pleural cavities. As confirmatory evidence 
of the tuberculous nature of such processes I am accustomed to insist 
that there must also be present calcareous or caseous lymph nodes, 
either at the hila of the lungs or around the lower portion of the trachea. 

Next in frequency is met evidence of old healed miliary tuberculosis 
of the lungs, spleen and liver. This evidence consists of tiny, rounded, 
yellowish, sharply circumscribed, hyaline nodules, ranging in diameter 
from a fraction of a millimetre to a centimetre. These are not so com- 
mon in the lungs as in the spleen and liver; and of these two organs the 
nodules are more numerous and reach a larger size in the spleen than in 
the liver. After these lesions, in order of occurrence, one finds outspoken 
evidences of lung tuberculosis, usually at the right apex and ranging 
from old thickened pleural and trabecular scars to old cavities with thick 
connective tissue walls. These conditions may be accompanied by an 
outspoken eruption of miliary tubercles or other active process, the evi- 
dence of which usually consists in necrosis of pulp and ulceration of 
bronchial mucosae. Frank tuberculosis of any organ or group of organs, 
aside from the respiratory tract, can hardly be arranged in any exact 
order. The genitourinary tract, particularly the epididymis, Fallopian 
tubes and kidneys, the lymph nodes, especially the cervical, the bones 
and joints, meninges of the brain, pericardium, peritoneum, adrenals 
and intestines constitute the most common centres: of an active lesion. 
More rarely the skin, breast and other organs may be more or less ex- 
tensively involved. In all of these locations the disease varies from 
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extremely acute fulminating processes to old chronic and often appar- 
ently completely healed foci. 

As to the pathological characters of the conditions which may be caused 
by the presence of virulent bacilli of tuberculosis in human tissues, one 
finds the most protean manifestations of any known disease. It does not 
require a very extensive experience in pathology to convince one that al- 
most any sort of a lesion may mark the presence of tuberculosis and the 
tissue pathologist early learns to place no limits on the possibility of its 
manifestations. Exudative processes, abscesses, acute and chronic, ful- 
minating necrosis, caseous necrosis, rapid fibrosis, granulation tissue and 
slowly progressive formation of adult connective tissue are examples of 
pathologic changes which one meets, other than the classical miliary 
tubercle, so often pictured as the sole fundamental lesion of tuberculo- 
sis. For convenience of interpretation I have been accustomed to group 
these various reactions under five types or headings, determining the 
place of individual lesions by the analysis of the interaction between 
the invading parasites and the invaded human host. In this interaction 
four fundamental factors constitute the variables. Two of these belong 
to the patient and may be designated as “resistance” and “locality or 
tissue invaded,”’ respectively. The other two are factors of the bacteria 
and are indicated by the terms.‘ virulence’ and “‘dosage.”’ These terms 
as used have a distinct and definite application. By “resistance” is 
meant not only those defenses of the body such as its protective cover- 
ings and eliminating secretions of glands but also the as yet poorly defined 
property of the body cells and fluids called immunity. While this so 
called immunity is as yet undefined we employ as measures of its effect- 
iveness, both the power of phagocytosis by tissue cells and leucocytes 
and the immunological reactions involving precipitins, agglutinins and 
lysins, properties which reside in tissue cells and fluids in varying degrees 
of concentration. F 

The “‘locality or tissue invaded” constitutes a real factor, although 
not as important as at first supposed, since it has been shown that the 
bacilli of tuberculosis may pass through tissues without producing lesions 
and thus are lodged in more susceptible areas. However, no one would 
question that, other things being equal, the respiratory tract is a more 
favorable site for the development of the bacillus of tuburculosis than 
are, for example, the gastrointestinal tract or the skin. In this con- 
nection it is interesting to note that several tissues in the body, notably 
pancreas, voluntary muscle and thyroid, are almost constantly free from 
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any evidences of tuberculous involvement. In short there is such a 
thing as relative tissue immunity as well as relative tissue susceptibility. 

“Virulence” in reference to bacteria combines at least two factors; 
one, ability to live and multiply in a distinctly antagonistic environment, 
and the other, the function of producing either by metabolic activities 
during life or by disintegration products after death, a poison, which 
tends to lower the resistance of the host and to improve the conditions 
of life for the bacteria. The virulence of parasites is the complement of 
the resistance of the host: in a sense they are reverse sides of the same 
shield. 

“Dosage” signifies the number of the infecting organisms introduced 
at any one time and is a very important element in the final production 
of some lesions. A host may be able with comparatively slight disturb- 
ances to destroy, eliminate or render innocuous, perhaps one hundred 
bacteria or any lesser number, whereas one thousand or more may prove 
too heavy a load. 

We are now prepared to indicate graphically the five types of reac- 
tion which occur between tuberculosis bacilli and their human host. 
Type 1 may be designated by the formula R vs. v, in which R stands for 
resistance and v for virulence, with the understanding that the location of 
the bacteria and their dosage may modify materially both factors. In 
this type conditions are most favorable for the patient or host and least 
favorable for the invading parasites. These latter are either eliminated, 
destroyed or rendered comparatively harmless. At the most a slow 
fibrosis without tubercles or necrosis may develop. Serous membranes, 
particularly pleura and peritoneum, are favorite locations for this sort 
of lesion. 

In type 2 the formula changes to R vs. v (or R vs. v). Bacteria aré 
more virulent and resistance is decreased. The lesions produced are the 
hyperplastic types of tuberculosis without necrosis and often without 
giant cells or even rarely without definite tubercle formation. It is a 
slow proliferative lesion which is not alone confined to the connective 
tissues, but gradually destroys the pulp of those organs which may be 
invaded. Lymph nodes are particularly attacked in this type but the 
meninges, liver, kidneys and appendix may show the same process. 

With type 3, the combat is on more equal terms, resistance and viru- 
lence are about on a par and the issue is often decided by purely minor 
factors which, ordinarily of little moment, are here sufficient to turn the 
tide toward recovery or defeat. The formula may be expressed by equal 
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sized letters R vs. V; and the lesions consist of the classical tubercle with 
necrosis and giant cells and a more or less rapid conglomeration of adja- 
cent areas. While this type is perhaps the most common form of tuber- 
culosis and is found in nearly every tissue of the body, particularly the 
lungs, it by no means represents a predominating form of lesion and 
therefore failure to find typical tubercles, a most discouraging experience 
to the younger pathologist, does not alone justify a negative diagnosis. 

In type 4 virulence definitely exceeds resistance and may be graphic- 
ally expressed by 7 vs. v (or Rvs. V). Here necrosis becomes predomi- 
nant though rapid inflammatory proliferation, lymphocytic infiltration 
and even tubercles with occasional giant cells are a part of the process. 
The prominence of the necrosis, the rapidity of the process and the in- 
efficiency of any protective connective tissue zone or capsule are its 
main features. This type is seen in the adrenal most commonly but 
also occurs in lymph nodes, lungs, brain, liver, kidneys, etc. Occa- 
sionally suppuration supervenes in this form, but most often this is due 
to the addition of complicating pyogenic bacteria. 

When resistance is reduced to a minimum and virulence reaches its 
highest point, type 5 is found. It can be illustrated by the symbols r 
vs. V. The picture is now marked by practically complete absence of 
all connective tissue reaction, ‘tubercles or giant cells. Exudates con- 
sisting largely of serum and epithelial cells may occur, but aside from this, 
the fixed tissues rapidly melt away before the advancing tide of toxins, 
and all protective defences of the body are largely inhibited or over- 
whelmed. This form of lesion is seen most frequently in so called phthisis 
florida or galloping consumption, where tuberculous pneumonia rapidly 
involves large portions of the lung and early leads to necrotic disintegra- 
tion of the pulp. While recovery is usual in type 1, common in types 
2 and 3 and possible in type 4, in this last form (type 5) it is very doubt- 
ful if the patient ever survives. 

Naturally, during the course of one or more attacks or exacerbations 
of tuberculosis these types change with the changes in the fundamental 
factors which underlie them, the picture varying as these essential ele- 
ments are raised or lowered to different stages of effectiveness. Inter- 
mediate stages may also be seen and accurate classification in all cases 
is not always easy or exact, but in general the types are relatively readily 
recognized. Some such classification is surely desirable, for we need 
to more carefully correlate clinical findings, therapeutic efficiency and 
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the pathologic level reached in the balance of the various forces which 
may contribute to the final resulting lesion. 

The application to the problems of tuberculosis of the facts which may 
be determined by pathological examination, like the application of path- 
ological data in other medical fields, depends largely upon the breadth 
of one’s scientific training and point of view. Even with the most nar- 
rowed sort of a scientific horizon, however, these facts must acquire sig- 
nificance. Exact knowledge of the nature and extent and mode of 
development of tuberculous processes is a sime qua non for proper ap- 
preciation of clinical phenomena and for the correct interpretation of 
therapeutic requirements. In addition we must know how widespread 
is the disease, the relative proportion of cured or arrested cases to those 
that are active, and especially the extent of the menace which this dis- | 
ease holds for both the affected individual and the human race as a whole. 

Particularly instructive is the observation of the large proportion of 
cases in which old more or less healed caseous and calcareous lesions are 
found at the bifurcation of the trachea, with or without an accompa- 
nying fibrous pleuritis. This indicates the large part that inhalation 
plays in the infection of the body by bacilli of tuberculosis. The bac- 
teria appear to lodge on the mucosa in largest numbers or most often at 
the point where the air currents are deflected to the right or left lung. 
They are then carried to the nearest lymph node, the function of which 
seems to be to arrest the progress of the invading parasites. Thus tuber- 
culous infection is most often found registered at this point; and this 
focus may represent the sole lesion or, more frequently still, the primary 
lesion. I still do not deny the probability of Ghon’s conclusion, that in 
young children the primary lesion may often be found in the lung pulp. 
In these cases the air passages are shorter, straighter and the respiratory 
excursion probably somewhat more active. In spite of such considera- 
tions, however, the facts which I have noted are too important to be 
disregarded. 

One more conclusion must be emphasized. We often speak of healed 
tuberculous lesions. The other day I performed an examination on a 
woman fifty-seven years of age. She had suffered in childhood from 
Pott’s disease of the spine, which appeared to have become arrested at 
the age of twelve. For forty-five years she lived without experiencing 
or revealing any evidences of active tuberculous foci. She finally died 
of general arteriosclerosis and angina pectoris. The lymph nodes at the 
bifurcation of her trachea contained calcareous and caseous masses,. 
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while adjoining these were young growing tubercles which had evidently 
sprung into activity only at a very recent date. This illustration gives 
a basis for the statement that once infected with tuberculosis the patient 
can never be positively assured of absolute freedom from its recurrence. 
It thus well behooves the entire race to live under such safe hygienic 
conditions that this specific and real menace to its existence may be 
reduced to its lowest possible terms. 
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STUDIES ON THE ALBUMIN REACTION IN SPUTUM 


WARD BURDICK anp HARRY GAUSS 


Research Depariment, National Jewish Hospital for Consumptives, Denver, Colorado 


The value of the albumin reaction as a diagnostic aid in tuberculosis 
has been the subject of considerable controversy in past years. The 
supporters of the value of this reaction strongly advocated its diagnostic 
importance while its opponents with equal zeal declared its worthlessness. 
In all probability its real value lies at some point intermediate between 
the two extremes. _ 

The credit of first recording observations on the albumin reaction 
in the sputum is given to Biermer in 1855 by Berkovitz and Rudas (1). 
He found that albumin was present in the sputum from patients having 
acute bronchitis, pneumonia or pulmonary edema, but not in the sputum 
of patients having chronic bronchitis and tuberculosis. They also state 
that Renk in 1875 found the albumin reaction positive in patients with 
acute bronchitis, pneumonia and tuberculosis, but negative in chronic 
bronchitis. Lanz (2) computed the albumin content of the sputum from 
the nitrogen content as determined by the Kjeldahl method in cases 
of pyopneumothorax, tuberculosis, and bronchitis. Wanner (3) has 
severely criticised this procedure, asserting that there are numerous 
other nitrogen-rich materials in the sputum besides albumin. He 
confined himself to the search for free albumin by boiling with salt 
solution and acetic acid, and found albumin in the sputum of tuber- 
culous patients, while there was none or only a trace in the sputum of 
patients with chronic bronchitis and asthma. Lecaplain (4) found a 
positive albumin reaction in all forms of active tuberculosis, and he 
cites Roger as obtaining negative reactions in cases of healed tuberculosis. 
He and other French writers, basing their observations on a large series 
of cases, conclude that the albumin reaction of the sputum is of marked 
importance, that a negative reaction permits the exclusion of tuber- 
culosis, and that a positive reaction indicates a possible tuberculosis 
and justifies observation of the patient for further evidence of this 
disease. 
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Berkovitz and Rudas (1) studied the albumin content of the sputum 
by both the Kjeldahl and Esbach methods. They found that in tuber- 
culosis the reaction was generally positive, that it was also positive in 
chronic bronchitis, emphysema and in asthma, that the quantity of 
albumin varied between two wide extremes, that neither the qualitative 
nor the quantitative determination of albumin of the sputum gave 
important diagnostic information and that a negative reaction did not 
eliminate tuberculosis. Among the British observers, Fullarton (5) 
reports adversely on the value of the reaction as a diagnostic aid in 
pulmonary diseases. 

On the other hand, Works (6) of this country, working in the Public 
Health Service, reports favorably on it. He affirms that the test is a 
practical procedure which gives considerable diagnostic information and 
that its simplicity as a laboratory method makes it a desirable diagnostic 
convenience. He found that all patients with active pulmonary tuber- 
culosis gave a positive reaction, while arrested cases of tuberculosis 
gave either a negative or a faintly positive reaction. 

Scott (7), working in the Army Medical Museum, is less enthusiastic 
about the reaction. He studied the sputum of eighty-five patients. 
One of these he cites in detail because it emphasizes the worthlessness 
of a negative reaction. The patient had tubercle bacilli in his sputum 
and a pulmonary hemorrhage, yet the albumin reaction was negative 
or only faintly positive, the faint reaction being easily accounted for 
by the serum albumin in the blood which was mixed with the sputum. 
This patient died three weeks after the sputum examinations had been 
made and at autopsy revealed typical tuberculous lesions. He had a 
fatal pulmonary tuberculosis, yet furnished a negative reaction the first 
time and a very doubtful one the second time. Scott further points 
out certain sources of error in routine albumin reactions of the sputum. 
For instance, a certain specimen of sputum was received late in the 
afternoon by him for examination, and the reaction was found to be 
negative. It was placed in the ice box and in the morning when tested 
it gave a faint but distinct positive reaction and, on being allowed to 
stand about six hours at room temperature, it gave a very heavy ring 
test. Scott concludes that the reaction is of no value in the routine 
diagnosis of pulmonary tuberculosis. Likewise Lockwood (8), who 
studied an extensive series of cases, does not believe this reaction of 
great value. He states that albumin was always present in the sputum 
of patients with respiratory diseases, and that in tuberculous patients 
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the amount of albumin seemed to bear no relation to the stage, duration 
or activity of the disease process and that the reaction had no practical 
value in the diagnosis of respiratory affections. Gelderbloom (9) sees 
in the reaction a valuable prognostic aid in that an increase or decrease 
of the albumin content of the sputum points to an aggravation or 
improvement of the disease. 

Several years ago, one of us undertook the study of the reaction in the 
sputum of patients with respiratory diseases. Owing to the pressure of 
other work, the completion of the study has been delayed until recently. 
The sputums of 200 patients were examined. Patients with tuberculosis 
were classified into the usual three (National Association classification) 


TABLE 1 


The albumin reaction in the sputum of patients with pulmonary tuberculosis 


AVERAGE 

AMOUNT 

TUBERCLE | TUBERCLE 

CLASSIFICATION CONDITION BACILLI | BACILLI 
POSITIVE | NEGATIVE ae 


CENTAGE 


per cent 
0.5 


Incipient 1.6 
‘| 1.4 


Moderately advanced 


Far advanced....... | 


Unclassified ........... 


stages,—incipient, moderately advanced and far advanced; and the 
condition of the individual patient was designated as good, fair or poor. 
The technique of the reaction was as follows: One part of sputum was 
mixed with one part of 3 per cent acetic acid and the mixture was allowed 
to stand for a few moments and was then filtered. The clear filtrate was 
tested by Esbach’s method for albumin, using the Esbach albuminom- 
eter tube commonly employed in urinalysis. 

Table 1 gives the results of the examination of the sputum of 191 
tuberculous patients. Albumin was found positive in the sputums of 
57, or 95 per cent, of 60 patients with incipient pulmonary tuberculosis. 


Good 42 26 16 39 3 || 
Good 13 12 1 12 1 0.4 
Fair 29 26 3 29 0 2.3 
Poor 22 22 0 22 0 1.3 
Good 6 3 a 5 1 14 
Fair 7 7 0 7 0 0.5 
Poor 28 25 3 26 2 } | 
P| 26 26 0 
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It was present in the sputums of 63, or 98.4 per cent, of 64 patients with 
moderately advanced pulmonary tuberculosis. It was present in 38, 
or 92.6 per cent, of the sputums of 41 patients with advanced tuber- 
culosis. It was present in the entire 26 unclassified cases of pulmonary 
tuberculosis, and in the sputums of 96.3 per cent of all the tuberculous 


patients examined. 
TABLE 2 


The albumin reaction in the sputum of patients with nontuberculous respiratory diseases 


NUMBER OF ALBUMIN ALBUMIN 
PATIENTS PRESENT ABSENT 


Lobar pneumonia 1 1 0 


TABLE 3 


The persistence of albumin. in the sputum of tuberculous patients examined on successive days 


DAYS EXAMINED 
CLASSIFICATION CONDITION 


First Second Third 


per cent per cent per cent 


Good 
Fair 


H.R 
L. 


Incipient 


Good 
Good 
Fair 
Fair 
Good 
Good 


Moderately advanced.......... 


B. 
L. 
L. 
Ss. 

G. 
D. 
C. 
S. 


Good 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 


Far advanced 


PP 


Table 2 gives the results of the albumin examinations in the sputums 
from patients with nontuberculous respiratory diseases. In 6 patients 
with chronic bronchitis and in 2 with asthma no albumin was found in 
the sputum. In 1 patient with lobar pneumonia albumin was found. 

Observations were made of the albumin reactions of the sputums of 
tuberculous patients on successive days in order to observe the quanti- 


0.3 | 03 | 1.2 

02] 05 | 03 
07 | 15] 0.6 
1.0 | 0.7 | 0.6 
01 | 09 | 0.5 
0.1 | 0.2 

1.2 2.0 1.5 
0.6 | 0.2 2.0 
0.6 | 0.4 

04] 03 

| 1.0 | 0.4 
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tative variations from day to day. The results are given in table 3. 
In some of the patients (not tabulated) the study was carried on over a 
period of a week. The results, however, were much the same as those 
given for the three successive days and comment will be limited to these 
observations as tabulated. It is seen that when free albumin is present 
in the sputum it persists on successive days, although the amount 
obtained at any one examination may be quite variable from the pre- 
ceding or succeeding examination. 

Observations were made on the amount of albumin in the sputum, 
before and after artificial pneumothorax had been performed, in the 
belief that collapse of the lung might have a marked effect on this con- 
stituent of the sputum. The results of the examination of three such 
cases are given although more cases were studied. These three, however, 


TABLE 4 


The albumin reaction in the sputum before and after artificial pneumothorax 


ALBUMIN 


CLASSIFICATION CONDITION 
Before After 


pneumothorax | pneumothorax 


per cent per cent 


Poor 1.0 


Far advanced Poor 1.2 
Poor 3.0 


are representative and suffice to show that there is no fixed variation in 
the quantity of albumin before and after the establishment of artificial 
pneumothorax in advanced cases of pulmonary tuberculosis. 


DISCUSSION AND SUMMARY 


It would appear almost conclusive from our tables that the albumin 
reaction is generally positive in all stages of active pulmonary tuber- 
culosis and absent in other chronic respiratory diseases and as such may 
be regarded as a diagnostic agent in chronic respiratory infections in 
favor of a diagnosis of tuberculosis. Yet one cannot ignore, among 
other evidence to the contrary, such a striking case already referred to 
as that reported by Scott, where a patient died of pulmonary tuber- 
culosis with a sputum giving a negative albumin reaction, with a subse- 
quent faintly positive reaction appearing only several weeks before 
death. 
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Free albumin in the sputum is interesting as a pathological entity. 
No satisfactory explanation of its presence is as yet forthcoming. The 
presence of albumin in the urine is generally explained on an inflam- 
matory basis. In the urine we have a much simpler substance for anal- 
ysis than is sputum. Here there is frequently free albumin without the 
presence of pus cells or bacteria and the formation of the albumin subse- 
quent to the formation of urine may be dispensed with as a complicating 
factor. Free albumin is eliminated directly into the urine by the kidneys. 
Oswald (10) explains this phenomenon on the basis that the permeability 
of the vessels for proteins becomes specially altered in inflammation so 
that the large molecules of albumin pass through their walls. Numerous 
other explanations have been given. For the complete literature on 
this subject, the reader is referred to Wells (11) and Meltzer (12). Re- 
garding, for the moment, sputum as a pulmonary excretion, the presence 
of albumin may be explained as its being due to direct elimination from 
the lungs or its being subsequently formed by autolysis of albumin 
containing substances such as pus cells, desquamated epithelium, bac- 
teria, etc. That albumin may be directly eliminated by the lungs in 
certain inflammations does not seem unreasonable. The underlying 
causes for the elimination of albumin from the kidneys in certain inflam- 
mations probably hold true for the lungs as well, whether the accepted 
explanation be altered permeability of the capillary walls, changes in 
the osmotic pressure, alterations in the blood pressure, etc. 

We have to consider further the formation of free albumin from the 
waste products of the lungs subsequent to their elimination as pus cells, 
bacteria, desquamated epithelium, fibrin, etc., which are thrown into 
the bronchioles for elimination from the body. These waste products 
remain in the bronchioles as excreted foreign material until such time 
as they are eliminated. In this interim the proteolytic enzymes that 
are present in all cells and bacteria may cause an autolysis of the cells 
with the liberation of free albumin. 

Thus far in the speculative interpretation of albumin in the sputum 
there has been no attempt to differentiate the generally accepted findings 
in tuberculosis as opposed to other chronic inflammations. A study of 
the literature reveals that the consensus of opinions of most workers 
in this field is that the albumin reaction is generally negative in other 
chronic pulmonary infections. Our own observations apparently sup- 
port this view. 
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As to the causes in tuberculosis that may be instrumental in the elimi- 
nation of free albumin in contradistinction to those inflammations which 
do not, again we can only speculate. The generally accepted view of 
lowered blood pressure may be a factor, as may also the toxemia, about 
which so much has been written but which is more difficult to definitely 
localize. Corper and Sweany (13) have isolated a proteolytic enzyme 
’ from the tubercle bacillus, but proteolytic enzymes are also present in 
those organisms which cause chronic bronchitis. We can only state 
that up to the present a complete explanation for the presence of albumin 
in the sputum has not been advanced. 
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LOCALIZED SPONTANEOUS PYOPNEUMOTHORAX 


REPORT OF A CASE WITH ROENTGENOGRAPHS 


SAMUEL SWEZEY anp MAURICE LEVY 


National Jewish Hospital for Consumptives, Denver, Colorado 


Roentgenology, probably more than any other single diagnostic pro- 
cedure, is responsible for our present knowledge of the subject of spon- 
taneous pneumothorax. ‘Typical cases are easily located by means of 
physical diagnosis, while in atypical cases, even with the aid of an ex- 
ploratory needle, the diagnosis is often uncertain until the X-ray plate 
clears up the'situation. In fact, only recently, due to the frequency with 
_ which X-rays are being used in chest work, the medical profession has 
recognized spontaneous pneumothorax as a common complication in 
pulmonary tuberculosis. 

Of the atypical cases, the localized and interlobar type ofspontaneous 
pneumothorax is probably the most difficult one to diagnose as it is 
easily confused with large cavity formation, and, therefore, numerous 
cases of this type escape even the most careful observers. 

Several articles have appeared in the literature on this subject. Fish- 
berg (1) recognizes the localized type of pneumothorax as a common 
complication in pulmonary tuberculosis. Barjon (2) speaks of limited or 
encysted pneumothorax and states that this condition may or may not 
be interlobar. Sampson, Heise and Brown (3) in their study of 423 con- 
secutive cases admitted to the Trudeau Sanatorium found 50 cases, or 
11.8 per cent, with “annular radiographic shadows.’ They conclude 
that 


annular shadows, surrounding areas of increased or equal absorption of the 
ray, occur in patients more likely to be suffering from pulmonary softening, 
and indicate rupture of the lung. Owing to the presence of adhesions only 
partial pneumothorax, with or without fluid, results. 


When annular shadows occur immediately above the diaphragm, as in 
the following case, they are of special interest from the standpoint of 
differential diagnosis. 
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REPORT OF THE CASE 


Case F. M., female, age twenty-seven, office clerk, admitted to the National 
Jewish Hospital, November 1, 1917. Mother died of tuberculosis, Has had 
measles, mumps, chicken pox and whooping cough in childhood, herpes zoster 
in 1912, influenza in 1913. In July, 1915, she suddenly developed a dry 
cough and later expectoration which contained tubercle bacilli, loss of weight, 
hoarseness, chills, fever and night sweats. 

On admission the physical examination showed involvement of right upper 
lobe down to 2nd rib anteriorly and 6th vertebral spine posteriorly, with 
evidence of excavation and considerable fibrous tissue formation. Left lung 
and rest of right lung apparently negative. Physical findings were verified 
by X-ray plates. During her first stay in this institution, her temperature 
ranged from 99° to 100°, and pulse from 100 to 120. She was discharged on 
April 20, 1919, her condition being unchanged. 

The following six months she spent in another sanatorium. During that 
time she was apparently improving until September, 1919, when a furuncle 
developed on her chin. The furuncle disappeared in a few days and she felt 
well for about three or four weeks, when a carbuncle developed on her left 
cheek. Her temperature, which up to that time had been normal, rose that 
night to 103°. She had severe chills, night sweats and pain. The carbuncle 
was opened up the next morning, but the symptoms continued. Four or 
five days later the carbuncle was incised again and drained, and it healed 
in a few days. Her temperature came down to 100.4°-101.4°. The pain 
subsided; but the chills and drenching night sweats continued as before; she 
had frequent vomiting and was very weak; her cough which increased since 
she developed her carbuncle became still worse and almost continuous; her 
expectoration which was yellowish before became white and frothy. She 
suffered greatly from insomnia. About two weeks after the carbuncle healed 
she suddenly developed a very severe attack of coughing followed by dyspnea 
and an extremely sharp cutting pain over the whole of the right side of her 
chest and reaching at times the lower part of her left side. The pain was 
constant. After two or three days it gradually subsided and would return 
to the right lower chest only on coughing. About two weeks later, she was 
frightened by a cat which made a sudden jump in front of her window, and 
she suffered another attack of extremely severe pain in her right chest which 
lasted for twenty-four hours. In the meantime, all the other symptoms which 
commenced with the onset of the carbuncle increased in intensity. 

On November 8, when she was readmitted to this institution, her temper- 
ature was 103°, pulse 150, respiration, 36. She complained of severe headache; 
her face was flushed. She had nausea and vomiting. Her cough was almost 


constant, causing pain in her right chest. Her expectoration was profuse, 
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of yellowish-green color and mucopurulent in character. She had night 
sweats. She passed four ounces of urine during the first twenty-four hours. 
The next day she had a violent attack of dyspnea lasting fifteen minutes and 
another one two days later. Two days after admission, it was noticed that 
her sputum was slightly foul and increased in quantity. The next day it 
was decidedly foul and changed to grayish-green. Her urine was examined 
and found negative. The sputum was positive for tubercle bacilli. Hemo- 
globin was 85 per cent; white blood cells, 17,000. 

Physical examination of the chest showed practically the same findings 
throughout both lungs as during the first admission, with the exception of 
the right lower portion. This area which had previously been apparently 
normal showed marked dulness, almost flatness, extending downward to the 
base from the 5th rib anteriorly and from the 7th dorsal spine posteriorly. 
Breath sounds and voice transmission were almost absent. The mediastinum 
was not displaced. Empyema was suspected but no fluid was obtained on 
attempted aspiration. 

Stereoscopic roentgenograms were read on November 13 by Dr. W. Wasson, 
our visiting radiologist, as follows: 


Cavity formation in upper right with considerable thickening and fibrous change. 
Inflammatory mottling throughout right lung. Just above the diaphragm on the right side 
a cavity with a fluid level. Diaphragm high; some pleuritic thickening; no general empy- 
ema. Slight bronchial change on left side. Heart and mediastinum negative. Diagnosis 
of right base,—probably interlobar pneumothorax. 


The lesion resembled a cavity, half filled with fluid and with air above it, 
apparently under high tension for the bronchus lying to the left of it, when 
compared with the old plate taken during first admission, seemed to be pushed 
aside about one-half inch toward the left. The cavity appeared to be framed 
in by two heavy semicircular shadows as if between the two layers of the 
diaphragmatic pleura. 

Fluoroscopy on November 15 confirmed the level line in the cavity to be 
due to fluid, for it was seen to splash on movement. The diaphragm was 
found to be movable but with lessened excursion, and was quite distinguishable 
from the lower border of the fluid. 

The condition of the patient was becoming progressively worse. Her 
temperature and pulse kept rising, dyspnea was more marked, and sputum 
more foul. She became delirious, and in general the prognosis appeared to 
be apparently hopeless. 

Early in the morning of November 16, she was seized with an unusually 
severe coughing spell and suddenly raised about four ounces of thick, foul, 
yellowish pus. Unfortunately, this pus was taken away before it could be 
examined. Immediately after this she began to feel better, her general con- 
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dition improved markedly, and from this time on there was a noticeable daily 
improvement. 

The next stereoscopic roentgenogram was taken on November 20. It 
showed almost complete disappearance of the fluid level and distinct lessened 
density around the cavity. The cavity itself was smaller. Roentgenograms 
taken every few days after this showed progressive decrease in size of the 
cavity. On January 2, 1920, there was no evidence of consolidation, cavity 
__ or fluid level, though some evidence remained of moderate pleuritic thickening. 

She has been improving ever since. Her temperature has been normal for 
the last few weeks, and she is now able to take considerable exercise. 


DISCUSSION 


The diagnosis of acute suppuration in the chest, especially in tubercu- 
losis, is a very difficult matter, particularly when located right above the 
diaphragm. Such conditions as acute pulmonary abscess, interlobar 
empyema, or localized pyopneumothorax are often very easily confused 
because there is nothing characteristic either in the etiology, sympto- 
matology, physical signs, or laboratory findings to distinguish the lesions. 
The original diagnosis of bronchopneumonia in this case was changed to 


one of empyema until the X-ray plate indicated a collection of fluid some- 
where about the right diaphragm. The possibility of it being a subphre- 
nic abscess could not be ruled out until the fluoroscope showed definitely 
that the lesion was above the diaphragm. The presence of air under 
pressure above the fluid level was not even suspected until we saw the 
X-ray plate, which reasonably eliminated the question of pulmonary 
abscess and interlobar empyema. ‘The sudden, severe and sharp pain 
following an attack of very hard coughing is also more characteristic of 
spontaneous pneumothorax. Whether or not this condition was pre- 
ceded by pneumonia complicated by pleurisy is hard to tell: possibly it 
was. 

A so called “false pneumothorax” on the right side is likely to give a 
picture similar to the one described above. Several cases of false pneu- 
mothoraces have been reported. Stivelman (4) recently reported such 
a case with radiograms. The fact that in our case the lesion is distinctly 
above the diaphragm eliminates the question of it being extrapleural. 

The prominent and outstanding feature of this case is the confirmation 
of the value of routine roentgenological examination of pulmonary condi- 
tions for diagnostic purposes. The physical examination of this par- 
ticular case with known methods of diagnosis, exclusive of X-ray, would 
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not give the examiner the slightest inkling that such a condition existed 
as was actually found. Furthermore, in cases that recover from acute 
pulmonary lesions, we have no other way of seeing the lesion and the 
various changes except through the medium of X-rays. In our search 
through the literature, we have been unable to find a series of plates 
which would demonstrate the various changes in a localized pyopneumo- 
thorax from its full develpment until its complete disappearance as 
plainly as in the one accompanying this article. In fact, this is the 
main reason why we felt justified in presenting this case. 


The authors wish to express their appreciation to Drs. H. J. Corper and Louisa T. Black 
for their kind codperation and advice given during the preparation of this paper. 
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Fic. 2. HicH DIAPHRAGM ON RicuHT StvE. CAvity FORMATION IN UPPER RIGHT. 
INFLAMMATORY MOTTLING THROUGHOUT RIGHT LUNG 


Just above diaphragm on right is a cavity with a fluid level. No general empyema. 
Some pleuritic thickening. Slight bronchial change on left. Dr. W. W. Wasson’s diag- 
nosis: probable interlobar pneumothorax. A. Fluid level. 8B. Air above fluid level. 
C. Diaphragm. D. Right bronchus pushed over to left. 
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Fic. 3. SHows DIsAPPEARANCE OF FLUID LEVEL IN SMALrI Cavity Just ABOVE 
DIAPHRAGM. LESSENED DENSITY AROUND CAVITY 


A. Air in the cavity. B. Diaphragm 
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Fic. 4. Sows FurTHER COLLAPSE OF CAVITY WITH STILL MorE DIMINISHED DENSITY 
AROUND THE CAVITY 


A. Air in the cavity. B. Diaphragm 
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Fic. 5. Atmost COMPLETE DISAPPEARANCE OF LESION 


A. Air in cavity. B. Circumference of cavity. .C. Diaphragm 
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Fic. 6. Caviry CANNOT BE MADE Out. ONLy SiicHut DENsity REMAINS 


A. Site of former cavity 
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Fic. 7. COMPLETE DISAPPEARANCE OF LESION 
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FOUR YEARS OF THE FRAMINGHAM DEMONSTRATION! 
D. B. ARMSTRONG? 


Tuberculosis is responsible for one in every ten deaths. It is respon- 
sible for one in every three deaths among industrial workers. It causes 
approximately 150,000 deaths annually in the United States, and inca- 
pacitates each year from one to two million people. Tuberculosis is, 
therefore, worthy of serious consideration, from the point of view of 
community welfare. 

This century has been marked by an ever increasing struggle against 
this cause of unnecessary sickness and premature death. Beginning 
sporadically, the fight crystallized in the organization of the National 
Tuberculosis Association in 1904. Since that time, largely under the 
auspices of this organization, it has extended to all corners of the nation. 
Concomitant with this development in organization, there has been 
experienced a decline in the mortality rate from tuberculosis. This drop 
in mortality is presumably, in part at least, the result of the efforts to 
control this disease. On the other hand, this effort has involved ever 
increasing expenditures, so that now the National Tuberculosis Associa- 
tion alone, directly, or through its associated state and local organizations, 
is expending annually four or five million dollars in the struggle to find, 
control and eliminate tuberculous disease. 

This great expenditure and the extent of organized effort involved 
inevitably stir up inquiries in the minds of many as to the effectiveness 
of the program and the attainability of the object. What is the best 
approach to the control of tuberculosis? Given limited resources, what 
are the most profitable means for fighting the disease? Upon which 
phases of the program should emphasis now be laid? What is the next 
step in tuberculosis work? Are we, in fact, on the right track at all in 
our efforts to control the disease? Is it possible to prove the relative 
as well as the absolute worth of our disease-preventing and disease- 
controlling devices? 


1 Presented in the DeLamar Hygiene Lecture Series, Johns Hopkins University School 
of Public Health, November, 1920. 
2 Executive Officer, Community Health and Tuberculosis Demonstration. 
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These questions were undoubtedly prominent in the minds of those 
responsible for the establishment of the Framingham Community Health 
and Tuberculosis Demonstration. This experiment or demonstration, 
beginning approximately on Jan 1ary 1, 1917, and financed by a special 
gift from the Metropolitan Life Insurance Company to the National 
Tuberculosis Association, has now been under way for four years. It 
has not as yet furnished final and complete answers to the above inqui- 
ries. Out of the Demonstration have come, however, many important 
tentative conclusions or suggestive results; and a summary of these 
findings should be of practical value to those interested in public health 
and tuberculosis control. 

It will be remembered that Framingham, Massachusetts, was chosen 
for this demonstration because it was a representative American com- 
munity of approximately 16,000 people, typical in most respects of 
American industrial, living, and social conditions. There was here also 
a promise of sufficient local codperation to justify the success of the 
practical service aspects of the Demonstration program—an assurance 
which has been generously substantiated by experience. The objects 
of the Demonstration were essentially to bring under observation all of 
the tuberculosis in the community, to apply the best known methods of 
treatment, to develop a comprehensive program of prevention and to 
organize most effectively the varied resources of the community for 
tuberculosis control, disease-prevention and health-creation. 

To summarize most briefly the historical aspects of the Demonstration 
to date, it may be stated that the work has been developed in four 
theoretically distinct, but practically overlapping, phases: 


A. RESEARCH 


Fundamental to such a community experiment was a series of investi- 
gative activities, whereby, if possible, answers might be secured to cer- 
tain basic inquiries with reference to the incidence of tuberculous infec- 
tion, the prevalence of tuberculous disease, the hygienic hazards and 
resources in the community, etc. It was anticipated that the facts that 
might be brought out by inquiries thus directed would be essential to 
the shaping of a practical program for control. The results of the inves- 
tigative phases of the work have been reported in detail in the mono- 
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graphs? and elsewhere, but only a few of these activities can be enumer- 
ated here: 

1. A sanitary survey of school and factory conditions, milk and food 
control, general sanitation, morbidity and mortality statistics, etc. 

2. A sickness survey, indicating a sickness rate of 1.8 per cent for 
incapacitating illness, 6.2 per cent for all forms of illness and 0.24 per 
cent for tuberculosis. 

3. A series of medical examination campaigns, with the routine age- 
group examinations now covering approximately three-fourths of the 
population, disclosing an incidence for active tuberculosis of 1 per cent, 
for arrested tuberculosis of approximately 1 per cent, and a prevalence 
of illness and disability of all types of 77 per cent, etc. 

4. A Pirquet tuberculin survey, disclosing the fact that 33 per cent 
of the children between the ages of one and seven years covered in the 
survey gave positive reactions, and indicating significant variations on a 
race stock basis. 

5. A careful investigation of influenza sequellae, with particular ref- 
erence to the relation of this disease to tuberculosis. 

6. A census of all individuals in Framingham, covering matters of 
hygiene, housing, economic status, etc. . 

7. A survey of tuberculous infection among cattle supplying milk to 
Framingham. 


B. INITIATION OF PRACTICAL SERVICES 


Having made what constituted a community diagnosis as to hygienic 
conditions, the Demonstration quite logically initiated a series of com- 
munity treatment measures. For the most part the activities listed 
under this heading were built from the ground up, those activities already 
started and subsequently expanded being held for,subsequent discussion: 

1. The establishment of an expert advisory consultation service, 
offering consultations to local physicians on difficult or doubtful cases of 
respiratory disease, thereby increasing the number of cases discovered, 


3 Monograph No. 1, General Series I. The Program. 
Monograph No. 2, Medical Series I. The Sickness Census. 
Monograph No. 3, Sanitary Series I. Vital Statistics. 
Monograph No. 4, Medical Series II. Medical Examination Campaigns. 
Monograph No. 5, Medical Series III. Tuberculosis Findings. © 
Monograph No. 6, Sanitary Series II. Schools and Factories. 
Monograph No. 7, General Series II. The Children’s Summer Camp. 
Monograph No. 8, General Series III. Health Letters. 


| 
3 


THE FRAMINGHAM DEMONSTRATION 911 


tripling reporting, improving early diagnosis, increasing the number of 
cases receiving institutional care, and encouraging the study of early 
signs of disease. 

2. The development of X-ray and other technical and diagnostic pro- 
cedures, thereby rendering more available to the average physician the 
so called “instruments of precision.” 

3. The development of a fresh basis for case classification, operating 
through a current classification chart, of value in picturing continuously 
the progress of cases individually and according to significant groups. 

4. The development, through the aid of special committees, of a set 
of diagnostic and therapeutic standards‘ for pulmonary and nonpul- 
monary tuberculous disease in children and adults. 

5. The establishment of a summer camp for children, utilizing aban- 
doned town buildings for this practical service, through which have been 
provided the advantages of food and personal hygiene to large numbers 
of undernourished and so called “pretuberculous” children. 

6. The establishment of a domestic economy and food hygiene educa- 
tional method, in codperation with the State Normal School in Fram- 
ingham, reaching families selected through the public school medical 
examination of children, the families of the under-par camp children in 
the special nutrition class, and the tuberculous families. 


C. THE STIMULATION AND TRANSFERENCE OF ACTIVITIES 


In addition to the practical services initiated in the community, direct 
or indirect aid along financial and other lines has been given to many 
local health services already developed to a greater or less degree in the 
community, but extensively expanded through the aid of the Demon- 
stration: 

1. The promotion of infant welfare work, beginning with a single 
summer clinic, and now comprising two nurses, four clinics and paid 
medical service at the clinics—a service covering prenatal, infant, and 
preschool needs. This organization, first fostered by the Demonstra- 
tion and then further encouraged by the Framingham Civic League, is 
now under the auspices of the local Department of Health. 

2. School health work, beginning with one nurse and a part-time 
physician, now including a fulltime physician, or his equivalent in part- 


‘See special Diagnostic Standards Bulletin distributed by Framingham Community 
Health Station. 
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time service, a nurse, a dental hygienist, a dental clinic, physical edu- 
cation, posture work, etc.—the whole program now financed by the town 
and supervised by the local School Committee. 

3. Industrial health work, beginning with a single factory clinic and 
a nurse, and now including one fulltime and several part-time factory 
physicians, three or four ind istrial clinics, a staff of nurses, together with 
other hygienic educational work. 

4. Tuberculosis nursing by the Department of Health, now covered 
by a fulltime nurse, a tuberculosis clinic, with adequate medical service, 
thereby releasing the nursing staff of the Demonstration for the investi- 
gation of arrested cases, influenza follow-up, the study of cervical ade- 
nitis cases, research on positive Pirquet children, and other investiga- 
tive activities. 

5. A program of education, including the development of educational 
and neighborhood committees, Health Crusader and Clean Club work 
in the public schools, lectures to mothers and industrial groups, health 
moving picture programs, the promotion of the Red Cross seal sale— 
all of these activities being carried out now under the direction of the 
Civic League Tuberculosis Committee and its educational field worker. 


D. COORDINATION 


It will thus be seen that with the development of the Demonstration 
program, practical services have been handed over to a variety of local 
agencies, or more fully developed with Demonstration aid under their 
auspices. This has meant two things: first, the development of all 
the resources of the community that can be brought to bear upon 
health and disease problems; and second, the sacrifice, to the principles 
of local responsibility, permanency of establishment, and a convincing 
demonstration, of a certain amount of control, and guarantee of efficient 
service on the experimental side. Consequently, at the present time 
the list of agencies, public and private, now interested in practical health 
service in Framingham includes the local Board of Health, the School 
Committee, the Park Commission, the Framingham Hospital (district 
nursing and bedside care), the Civic League, the Red Cross (aid in sum- 
mer camp work), the Normal School, etc. Framingham may perhaps 
in this stage be likened to a public health wheel, full of health spokes, 
but at present with no satisfactory local and visible hub. Here remains 
one of the primary purposes of the Demonstration, still awaiting com- 
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plete accomplishment, namely, the effective codrdination of permanently 
established local health services. For the accomplishment of this end, 
as well as the completion of certain of the investigative and medical 
research aspects of the program, the period of the Demonstration has 
recently been extended for another three or four years. 


Such in brief may be said to be the purpose and history of the Dem- 

onstration. While a narrative report and a current account of stock 
are timely, it is of course too early to talk in terms of final conclusions. 
As yet there may be said to be no great final result of the Demonstra- 
tion. There are, however, many important “results” in the minds of 
the committee and staff in charge of the work. It was the conviction 
as to the importance and promise of the findings thus far that led the 
National Committee in charge of the work, and the Appraisal Com- 
mittee’ which studied the Demonstration recently, to recommend the 
extension of time referred to above. In the light of the questions as 
to the validity and direction of present day antituberculosis activities, 
summarized in an earlier paragraph, what may be said of the Demonstra- 
tion findings? To what extent do they answer these inquiries? 

1. How much tuberculosis ts there? The examination of thousands 
of people in Framingham,—men, women and children,—of various 
industrial and race groups, indicated that approximately 1 per cent were 
suffering from tuberculosis in an active form. Another 1 per cent were 
classified as having arrested tuberculosis. This would mean, therefore, 
that in a city of 100,000 people there probably are at least 1000 cases of 
active disease. This, then, is what might be called the first ‘‘ Framing- 
ham yardstick.” It is a percentage which has indeed been generally 
substantiated by examination work elsewhere among civil as well as 
military groups. 

2. How many cases should be under care? When the work started in 
Framingham there were 27 known cases of tuberculosis under care. 
There had never been more than 40 known cases at one time in the 
past, averaging a ratio of known cases to annual deaths of about 3 to 1. 
An intensive search for cases soon raised this total to several hundred, 
and the ratio of known active cases to annual deaths was found to be 
9 or 10 to 1. Now this would mean in a city of 100,000 people, with 
100 deaths a year, or a death rate of 100 per 100,000, that there should 


5 See special Report on Framingham Appraisal Committee, distributed by the Health 
Station in Framingham. 
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be under care or observation 900 or 1000 active cases. Does not this 
answer the question as to what is the next step in tuberculosis work? 
Does not this “Framingham yardstick” indicate that the “next step” 
in tuberculosis work is the first step, namely, the discovery of the dis- 
ease? Is it not of relatively little use to provide adequate machinery 
for the care of one-third of the active cases in the community if the other 
two-thirds are undetected and unrestrained, or unbenefited by thera- 
peutic control? 

3. What machinery is necessary to find tuberculosis cases? When the 
work started in Framingham, the community was equipped with routine 
machinery, including a dispensary, a part-time nurse, medical atten- 
dants at the clinic, an Antituberculosis Society selling Red Cross seals 
and doing some educational work. With this machinery, the ratio of 
cases to deaths was 3 to1.. A sickness survey carried out by nurses and 
insurance agents disclosed a certain amount of hitherto unknown tuber- 
culosis. Following this survey, a large percentage of the same people 
as were covered in the canvass was given a thorough medical examina- 
tion. The examination work disclosed approximately nine times as 
much tuberculosis as was found by the nurses in their search for the 
disease. Consequently, it is concluded that medical machinery, on an 
adequate basis, is essential to the discovery of tuberculosis. This is of 
course no reflection whatever upon the utility of the nurse in the anti- 
tuberculosis campaign. She is vital to all phases of it; but to expect 
her to find a full quota of tuberculosis without proper medical aid is 
placing not too much confidence in, but too much responsibility upon, 
the tuberculosis nurse. 

4. What medical machinery is most useful? 

a. Routine medical examinations. The examination of three-fourths 
of the population of Framingham has of course been a fruitful measure 
in the discovery of the disease. It is important to use,every educatianal 
channel to promote the idea of routine, at least annual, thorough medical 
examinations. 

The Framingham experience would also indicate that educational 
campaigns aimed in this direction will meet with success. In a recent 
survey of all of the individuals who had had influenza in the first epi- 
demic, it was found, for instance, that 29 per cent had been to their 
own physicians during the preceding six months for medical advice and 
a health examination. 
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b. Routine medical work in schools and factories. The first time the 
school physician went through the group of 3000 school children, he 
discovered 11 cases of active tuberculosis and 69 suspects. The routine 
medical work in the factories has also been helpful in finding cases, 21 
per cent of the fatal cases in 1920 having been found by the factory 
medical clinics. 

c. The expert consultation service. This is perhaps the most im- 
portant single measure developed in Framingham for the discovery of 
tuberculosis. Growing out of the medical examination work, it has come 
to be practically a 100 per cent service, being used by nearly all of the 
physicians in cases of difficult diagnosis. It requires expert training, 
tact, and sound judgment on the part of the consultant. This service is 
a triple link, connecting up the patient with early diagnosis, the tuber- 
culous individual with prompt and adequate treatment, and the physi- 
cian with expert facilities and scientific knowledge. It renders effective 
the use of diagnostic instruments and encourages the study of disease 
in its incipient form. : 

5. What percentage of cases should be found in an early stage? Before 
the Demonstration the Framingham physicians were reporting 45 per 
cent of their cases in an early stage. Since the beginning of the Dem- 
onstration, of all of the cases that have come under observation and 
treatment, 83 per cent have been found in an early or hopeful stage of 
the disease. 

6. How many institutional beds are necessary for the treatment of tuber- 
culous disease? During the Demonstration Framingham has averaged 
from one to two active cases taking institutional treatment for every 
annual death in the community. For a city of 100,000, with 100 deaths 
a year, this would mean that there should be available at least one bed 
for every annual death, or 100 beds in all. 

7. What percentage of total cases should be given sanatorium or hospital 
treatment? At the beginning of the Demonstration 15 per cent of the 
active cases were receiving institutional care. During the last two 
years of the Demonstration this number has averaged 33 per cent of 
the total, and includes early as well as advanced cases, and those cases 
which may be sent away for only a few months of the year, as well as 
for a longer time. There should here be recognized the hygienic and 
educational advantages of even a short term in an institution, as well 
as the direct therapeutic assets in this form of treatment. 


a 
‘ 


916 D. B. ARMSTRONG 


8. What then constitutes a reasonably complete local community program 
for tuberculosis control? 

a. Adequate medical machinery for the detection and treatment of 
the disease, including routine medical examination work in schools and 
factories, infant stations, and elsewhere. This means at least one full- 
time physician or his equivalent for every two or three thousand of the 
school or factory population. It means fundamentally an increase in 
the organized social use of medical resources. 

b. Adequate nursing machinery. ‘This means a sufficient supply of 
tuberculosis, infant welfare, school, factory, and district nurses, if a 
system of specialized nursing is employed. If the nursing is on a gen- 
eralized basis, it means at least one nurse for every 2000 of the popu- 
lation. 

c. Adequate institutional provision (see 6). 

d. An effective educational program (see 9). 

e. Proper legislative provisions, including the prohibition of spitting, 
the control or segregation of incorrigible open cases, etc. 

f. Satisfactory general sanitation, including a hygienic milk supply. 

g. Proper organization, the codrdination of devices for disease con- 
trol, the development of a complete prograrn for all age groups, and the 
enlistment of all actual or potential resources in the community. 

9. What constitutes a satisfactory educational program? It must be 
remembered that out of the average 100 people in a community prob- 
ably 90 have tuberculous infection. Out of this same hundred people, 
probably 2 have active or arrested tuberculous disease. Finally, 10 out 
of the 100 people are probably eventually going to die of tuberculosis. 
An effective educational program must, therefore, recognize that tuber- 
culosis is a cause of infection, a cause of disease, and a cause of death. 
To be complete an educational program must recognize all of these 
approaches. It must: | 

a. Fight tuberculous infection—by the control of open cases, the 
protection of children and others from massive infection, improved 
general sanitation, the protection and pasteurization of milk supplies, 
etc. 

b. Fight disease—by lessening stress or strain of living and working, 
by making proper medical and social adjustments for tuberculous indi- 
viduals, by improving nutrition and personal hygiene. 

c. Fight mortality—by promoting the use of adequate and properly 
administered institutional and home facilities for disease treatment. 
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10. How many cases will escape early detection, even with adequate 
machinery? It is evident in the Framingham experience thus far that 
even with reasonably adequate machinery for disease discovery, a cer- 
tain percentage of cases will escape early detection, and will not come 
under observation until moderately or far advanced. What is the irre- 
ducible minimum for advanced case discovery? 

As was stated under heading 5, in the beginning 55 per cent of the 
cases were discovered in an advanced stage. During the period of the 
Demonstration this percentage has been reduced to 17 per cent. This 
study indicated that 3 per cent thus classified should have been discov- 
ered in an early stage, if the machinery had been working in all respects 
effectively. It would seem, therefore, that, so far as the Framingham 
experience is concerned, one would still expect to have at least 14 per 
cent of the cases escape early detection. This might, therefore, be stated 
as the irreducible minimum for the discovery of advanced cases. 

11. How many cases will die in spite of adequate treatment? During 
the four years of the Demonstration, out of the total 356 early and 
advanced, active and arrested cases under observation, 21 per cent have 
died. A careful study of these cases indicates that 5 per cent should 
have been saved, or at least their deaths should have been postponed, 
with properly operating machinery, and with satisfactory coéperation 
from the patients themselves. It would therefore seem that in spite of 
all measures the minimum of 16 per cent would remain as the irreducible 
standard for mortality, based as this is on the four years’ experience and 
the observation of all of the cases that could be found in a normal 
American community during that period. 

12. What are the etiological factors in tuberculosis? The history of 
tuberculosis has been to some extent a history of 100 per cent claims 
as to the cause of the disease, most of which have failed of substantiation. 
The environmentalists (using the term in its limited sense to mean di- 
rect physical surroundings, such as housing, sanitation, etc.) were first 
in the field, so far as recent tuberculosis history is concerned, claiming 
the superimportance of this factor in tuberculosis causation. Then came 
the economists, who stated that tuberculosis was largely a matter of 
wages and economic condition. We now have those who would empha- 
size particularly nutrition as a factor in disease, and for some time 
attention has been called in many quarters to the significance of race 
stock as an element in the relative incidence of tuberculous disease. 
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Framingham experience is not of sufficient duration and does not 
perhaps cover an extensive enough field to justify the appraisal of the 
relative importance of these and other factors. It has been extremely 
interesting to observe, in Framingham and elsewhere, that the inci- 
dence of both infection and disease varies tremendously with race stock. 
In the Pirquet survey of children, for instance, whereas 33 per cent of 
the group as a whole, between the ages of one and seven, showed posi- 
tive reactions, the positive reactors among Irish and Irish-American 
children were 30 per cent of the total in this race group, while positive 
reactors among Italian children constituted 51 per cent. On the other 
hand, the actual examinations of adults and children have disclosed very. 
nearly ten times as much active tuberculosis among the Irish as among 
the Italians. 

While no final deductions have as yet been made from these findings, 
it is important, from a practical point of view, to recognize when shaping 
up a community tuberculosis program that many, various and some- 
times antagonistic forces may affect the incidence of tuberculosis in a 
community, both as an infection and as a disease. 

13. What is the cost of a reasonably complete tuberculosis program? 
The program against tuberculosis is closely interwoven with the gen- 
eral health program. It is therefore impossible, excepting in a most 
artificial way, to separate the cost of tuberculosis work from the cost of 
general health work. In Framingham, at the beginning of the Demon- 
stration, the community was spending approximately 40 cents per 
capita per year on all kinds of health work. The community is now 
spending about $2.00 per capita per year from public and private funds 
combined. In a city of 100,000 people this would mean an annual 
health expenditure of about $200,000. 

This amount of money will buy reasonably adequate prenatal, infant, 
and preschool work; satisfactory school health work; industrial health 
work; special tuberculosis work along many lines; and general community 
sanitation. It will cover all of the services detailed in an earlier section 
of this paper, with the exception of one or two services still being carried 
in Framingham by the Health Demonstration itself, such as the con- 
sultation service—a service which will eventually be provided on a 
state basis rather than by the community itself. 

14. What resulis may be expected? So far as Framingham is concerned, 
it is of course too early to talk in terms of final conclusions. The cri- 
teria of the success of such a program will include the general health- 
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fulness of the population at large, a reduction in tuberculosis morbidity 
and mortality, and increased productiveness and happiness as the result 
of a greater freedom from disease and a more abundant life. 

Tuberculosis as a cause of illness in Framingham is apparently being 
brought under control. This is particularly true as reflected in the 
decreasing number of advanced cases. As to mortality, it may be stated 
that the tuberculosis death rate per hundred thousand, corrected for 
certification and residence errors, for the decade preceding the Demon- 
stration was 121.5. For the entire Demonstration period thus far, with 
similar corrections, including the rate for 1920, the figure is 84.2 per 
hundred thousand—a reduction of about one-third. For 1920 the rate 
was 64.5 per hundred thousand—a reduction of about one-half under 
the pre-Demonstration rate after four years of intensive work. 

This rate would mean that the same measures if successfully applied 
to a hundred thousand people, with 100 deaths a year at the start, would 
save 50 lives a year. For the United States as a whole, this would 
mean a saving of 75,000 lives annually. 

In conclusion, there must be emphasized the necessity for recognizing 
the comprehensive nature of an effective antituberculosis program. It 


is essential to employ all of the community’s resources. Tuberculosis 
is not merely a medical problem; it is not merely a health problem; it 
is a social problem, in the broadest sense, requiring a comprehensive 
community engineering plan, if the possibilities for disease control are 
to be realized to the full. 
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A RESUME OF A TUBERCULOSIS SURVEY OF A SILK 
MILL VILLAGE IN NORTH CAROLINA 


L. B. McBRAYER 


North Carolina Sanatorium for the Treatment of Tuberculosis, Sanatorium, North Carolina 


Number of deaths. Since the establishment of the silk mill at W——, 
North Carolina, twenty years before this survey was made (1915), from 
which time the village dates its existence, there had been 142 deaths 
from the following causes: 


Tuberculosis 
Typhoid fever 
Diarrheal diseases 
All other causes 


It will be seen that in round numbers two persons died from tuberculo- 
sis every time one person died from any other cause. Or we might look 
at it from the standpoint of the death rate per 100,000. The average 
death rate from tuberculosis per 100,000 people in the United States is 
147. It has been higher than this figure in the last twenty years, and 
the death rate from tuberculosis is lower than that figure in North Caro- 
lina at this time. A total of 407 inhabitants multiplied by twenty 
years weuld equal 8140 inhabitants for one year and at a death rate from 
tuberculosis of 147 per 100,000 would entitle this village to 11.96 deaths 
from tuberculosis in twenty years. Instead of having approximately 
12 deaths from tuberculosis they had 92, which in round numbers is 8 
times as many deaths as the average death rate from tuberculosis 
throughout the United States. But it is known that the population did 
not average 407 for the twenty years, as there were no people living in 
the territory occupied by this village when the silk mill was first estab- 
lished. This was the first silk mill to be established in the south, and 
was considered an experiment, and the few people who worked there 
lived for a considerable time anywhere in and around the town wherever 
they could find houses. It would therefore seem proper to assume that 
the population would not average for the twenty years more than one- 
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half the present number, in which case they had 16 times as many 
deaths as the average death rate throughout the United States. Of the 
407 population, 350 were white and 57 were colored. There were no 
deaths among the colored population from tuberculosis. It would not 
be improper to compute the death rate on the white population alone, 
in which case the rate would be higher. 

Contact infection. A further investigation shows that there are in the 
village under consideration 99 families, and in round numbers an aver- 
age of 4 to each family. The 92 cases of tuberculosis have occurred in 
25 families. This at first glance would seem to indicate that there were 
4 times as many families who had not had a case of tuberculosis as those 
that had, oraratioof4to1. But thisis not a correct ratio for the reason 
that we secured the names of every family that had resided in the silk 
mill village in the twenty years in which there had been a case of tubercu- 
losis. We could not secure the name of every family that had resided in 
the village during the twenty years, but it is safe to assume that in this 
time as many families had lived there and moved away as are there at 
present. In this case there would have been 200 families, only 25 of 
which had had a case of tuberculosis, or a ratio of 8 to 1. It is entirely 
probable that the ratio is higher than this. And too, it must-not be 
forgotten that these people worked together in the same mill, attended 
church and Sunday school together in their village church and were all 
acquainted with each other and perhaps visited with each other quite 
generally. 

We stated above that the tuberculosis was confined to 25 families, but 
the records show that it was confined to 15 family trees. A family tree 
is represented by the diagram accompanying this paper. The history 
of tuberculosis in this family is of sufficient importance to elaborate. 
We were unable to find out the cause of death of the husband of the first 
Mrs. D., nor could we obtain information as to the cause of death of 
one daughter-in-law. The others are shown in the diagram and the 
history is as follows: 


Mrs. D. had tuberculosis and was the mother of 2 sons. The 2 sons are 
married and have families. She lived with one son 20 miles northwest of 
W—— until three months before she died. This son became infected; like- 
wise his 2 boys. When he got too sick to make a living on the farm he 
moved to W——, so that his boys could support him by working in the silk 
mill. He and his 2 sons died of tuberculosis. When the above mentioned 
son moved to W—— Mrs. D. went to M——, 10 miles southeast of W——, 
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to live with her other son, where she lived three months and died of tubercu- 
losis. This son has a wife, a boy of fifteen, a girl two years old, and another 
girl 8 months old. In this short space of time the grandmother infected the 
whole family, unless it was her son who spread the disease. This is the his- 
tory: The son died of dysentery four weeks after his mother arrived in the 
home. The two-year-old girl showed clinical symptoms of the disease at 
the age of six, four years after the grandmother went to live with her, and 
this continued for nine years and she died at the age of fifteen. The eight- 
months-old girl did not show any clinical symptoms until at the age of twelve 
and a half years. She died at the age of fourteen. The fifteen-year-old boy 
is now positive to the Pirquet test and has definite physical signs in his lungs, 
but no clinical symptoms and is at work in the mill. This son has died of 
tuberculosis since the survey. The widow is positive to the Pirquet diag- 
nostic test and has a cough, suggesting clinical tuberculosis. When her 
husband died she moved. to W—— so that her children could support her 
by working in the silk mill, which the son continues to do. And 6 deaths 
and 1 case are charged to the silk mill, while in reality they were caused by 
a fond mother who never saw the mill. 


Another family tree shows 13 deaths, 3 active cases and 5 positive to 
the Pirquet test, a total of 21. Tuberculosis was brought into one of 


the families, causing 6 deaths, by a mother’s son who had lived in an- 
other state and who came 4nd visited with his uncle for more than a 
year, the first one to take it being the boy he chummed and slept with. 

In the study we made the Pirquet test on 130 people, of which 70 or 
53.8 per cent were positive. Of these 55 lived in or had lived in the 
same house with a case of tuberculosis; 9 lived next door; and there was 
no history of exposure obtainable in 6. 

Much more evidence could be submitted along this same line would 
space permit. Let us say in closing the evidence on contact infection 
in this study that the sum total of the evidence showed that 80 per cent 
of all cases occurred in the same house with a case, and a large perceritage 
of the remainder occurred next door, while there were no cases in 75 
per cent or more of the families. 

Does not prove 100 per cent infection. Many students of scientific medi- 
cine doubt the statement that practically 100 per cent of the population 
of the United States is infected with tuberculosis. The statements on 
this 100 per cent infection were given greater credence because they were 
backed up by a goodly number of autopsies. But it is well to remember 
that these autopsies were done on hospital ward patients, and could no 
more be indicative of the population in general than the deaths from 
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diarrheal diseases in the slums of New York would be indicative of the 
deaths from the same diseases on Riverside Drive. So the Pirquet test, 
showing only 53.8 per cent positives among one-third of the people, in a 
town where the death rate from tuberculosis for the past twenty years 
had been 16 times as high as the average for the United States, would 
indicate that the 100 per cent infection claimed by a few pathologists 
and echoed by a great many other people at least needs further substan- 
tiation before we accept it as proved. It is worthy of note that 45.7 
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per cent of those positive to the Pirquet test showed physical findings in 
the lungs or glands, or both. It is well to state here that the United 
States Public Health Service found in a study made in the rural districts 
of Wisconsin that 80 per cent of those living in a house with an open 
case of tuberculosis were positive to the Pirquet test, 50 per cent of 
those who lived next door were positive, while of those living farther 
away only 20 to 30 per cent were positive. Evidently further study on 
this so called 100 per cent infection is needed. 
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House infection. It is difficult to convict a house of conveying the 
infection of tuberculosis from one person to another. In this study it 
developed that a patient, a male, sick with tuberculosis, lived in a house 
for more than one year, and that his sister was also ill with the same 
disease part of this time. The man died two weeks after moving out of 
the house. The house stood empty for one year, at which time a family 
of negroes, composed of 2 adults and 6 children, moved in and continued 
to live in the house to the time of this study, a period of eighteen years. 
Not one of the family had ever been ill with anything that could be sus- 
pected of being tuberculosis, and every member of the family was in 
good health at this time. No attempt was made to fumigate, disinfect 
or otherwise cleanse this house. Another house in the village was simi- 
larly occupied by 3 persons ill with tuberculosis, all of whom died with 
the disease in the house. The house remained vacant 1 year and was 
then occupied by a white family consisting of 2 adults and 3 children, 
and these continued to live in this house for a period of 17 years up to 
the time of this study. No effort had been made to fumigate, disinfect 
or otherwise cleanse this house. No case of tuberculosis had occurred 
in this family and all were well at the time of this study. This is about 
the only evidence on house infection noted in this study, and is consid- 
ered very, very flimsy. 

There were many other interesting things developed in thus study; for 
example, every person had his age, height and weight recorded, from 
which it would be an easy matter to calculate the state of nutrition in 
each case examined. The haemoglobin index for each patient exam- 
ined was recorded. 

It was our opinion, from these studies, that the silk mill per se was 
not responsible for the tuberculosis, but that it was a matter largely if 
not wholly of contact infection, and that all the original cases developed 
at some other place and moved into the silk mill village and of course 
continued to communicate the disease to those with whom they asso- 
ciated most closely, which in most instances were the members of their 
own family. This information seemed to lull to sleep the conscience of 
the people of W——— and nothing has been done about the situation so 
farasweknow. While we do not consider that this study has proved any- 
thing beyond a reasonable doubt, we do feel that it has contributed valu- 
able testimony on the following points: 

1. House infection, that is, the house being the medium of transmitting 
the infection of tuberculosis from one person to another, is not probable. 
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2. The infection of tuberculosis is not transmitted by casual exposure, 
but requires prolonged exposure and massive doses of the tubercle 
bacillus to produce serious infection. 

3. That 100 per cent infection with the tubercle bacillus is a myth, 
and that the probabilities are that the infection in the South, and par- 
ticularly in North Carolina, is not likely more than 50 per cent and very 
probably much lower. 


My thanks are due Dr. P. P. McClain, Assistant Superintendent of North Carolina 
Sanatorium and Chief of Medical Service, Dr. R. McBrayer, Clinician and Director of Lab- 
oratories North Carolina Sanatorium, and Miss Grace McCubbins, R. N., who at the time 
was taking’ a postgraduate course in tuberculosis nursing at the Sanatorium and is now 
doing nursing as a missionary in China, for valuable aid in this study. 
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THE CHILD’S PLACE IN THE TUBERCULOSIS PROGRAM 


HENRY D. CHADWICK 
Westfield State Sanatorium, Westfield, Massachusetts 


In looking backward over the years during which there has been an 
active campaign for the cure and prevention of tuberculosis we find 
that although the plan of attack has passed through many phases, it 
has been advancing constantly in one direction. The objective has 
ever been to get hold of the patient when he was in the incipient stage 
of the disease. 

Our idea of what incipient disease really is has changed, as our knowl- 
edge of the pathology of tuberculosis has increased and our methods and 
skill in diagnosis have developed. The incipient case of a few years 
ago was in most patients the counterpart of the moderately advanced 
type of today. The socalled pretuberculous and doubtful cases of 
yesterday are now very often unhesitatingly classified as incipient tuber- 
culosis and are given treatment at the most favorable time. 

Following this reasoning to its logical conclusion, we should adopt the 
suggestion made by Brown and Heise in a recent paper, namely; that 
the cases formerly classified as incipient, that is, those in which the pul- 
monary lesions are less in extent than those that we now classify as 
moderately advanced, be called minimal instead of incipient. This 
acknowledges the existence of a stage of tuberculosis that is intermediate 
between the really incipient period, which is the glandular type found 
in childhood, and the moderately advanced pulmonary form, commonly 
seen in adults and but rarely in childhood. The term minimal dis- 
regards the time element, and refers to the extent of the lesion; and 
therefore better describes the first stage of pulmonary disease. The 
word incipient implies early or commencing disease without reference to 
extent, and if confined strictly to its time significance could only be 
used to describe the earliest manifestations of tuberculosis. 

When tubercle bacilli are introduced into the human system they 
find lodgment in the lymphatic glands where they remain latent for a 
time. This is the period of infection. The stage of disease begins 
when these bacilli commence to multiply and form tubercle. This is 
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the real incipient stage of tuberculosis found very frequently in children 
but rarely, if ever, in adults. We should look upon tuberculosis when 
it is confined to the glands as being in its primary stage. When disease 
extends to the lungs or other organs it is in its secondary stage and is no 
longer incipient. I would suggest therefore that the term incipient as 
applied to tuberculosis be used only to mean disease of the lymphatic 
glands. 

As our knowledge has increased in regard to methods of determining 
infection we realize that in former years we were waiting for the sec- 
ondary stages to develop before making a diagnosis and instituting 
treatment. 

Furthermore, we should ponder over the fact that although the death 
rate from tuberculosis in Massachusetts steadily declined from 1885 to 
1915, during which time there was a total decrease of more than 50 
per cent, it has fluctuated within narrow limits in the years that have 
since elapsed. 

Hospitalization and isolation of patients have been carried out to a 
great extent, but in spite of this segregation of open cases we find that 
the Pirquet tests reveal as many positive reactions as in former years. 
The tuberculin survey made by the Framingham Demonstration in 1917 
showed the following positive results in testing 460 children: 


ages per cent 


6 to 7 years 


The sharp increase in the percentage of reactions in the school age 
group 5 to 6, 52 per cent, over the 4 to 5 years group, which was 27 per 
cent, furnishes facts for reflection. It is hard to believe that the expos- 
ure to infection is twice as great in the older group. The only note- 
worthy change in environment of these two age groups is that those 
between 5 and 6 attended the public school. The inference to be drawn 
from this fact depends upon whether we look upon a positive Pirquet 
test as a measure of the resistance of an infected individual or only as 
an evidence of infection. . 

To prove that it is only an evidence of infection we must show that 
the child is subjected to greater exposure to open tuberculosis after 
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five years old than he was before. And that certainly is not the fact, 
because in the first place children of the age to attend the first and 
second grades of school very rarely have open pulmonary tuberculosis; 
and second, when such is the case these children are usually too ill to 
attend school. School infection may then be ruled out as an important 
factor. The opportunities for infection are far greater in the home than 
elsewhere, both from contact with human tuberculosis and from inges- 
tion of bovine bacilli in the milk. © 

The death rate from tuberculosis in children under five, is given as 
127 per 10,000, while from five to fifteen it drops to 36 per 10,000, and 
then increases rapidly to its maximum 228 at ages thirty-five to forty- 
five; another proof that the relative resistance to tuberculosis is at its 
greatest point during childhood. 

If we look upon a positive skin reaction as an evidence of resistance 
to an existing infection, we can then understand why there is an increas- 
ing percentage of positive reactions from the period of infancy through 
childhood to adolescence. We know from our pathology that tuber- 
culosis is a generalized disease in infancy, and that as the child grows 
older we have a localization of the infection in the bones and lymphatic 
glands. Such would not be true if resistance did not increase with the 
age of the child. It may be, therefore, that the doubling in the number 
of reactions in the five to six year group may be due to a greatly increased 
resistance to tuberculosis, which may have been acquired during that 
age period. 

Some valuable information could be obtained on this point if the chil- 
dren that did not react to the Pirquet test in the Framingham group 
could be kept under observation and given the test every two years 
until all were eliminated by proving to be reactors or else reach twenty 
years of age. It might be that some of these children with a known 
reacting age would subsequently develop pulmonary tuberculosis. We 
might then obtain data upon which we could base conclusions as to the 
effect of early infection as compared witb later infections on the course 
of the disease. 

It may be that infection acquired between five to ten years of age, 
when natural resistance to pulmonary tuberculosis seems to be at its 
highest point, confers more protection on an individual than the pri- 
mary infection incurred at a later age period. The almost certain fatal- 
ity for a child found to have open tuberculosis in the years immediately 
following puberty and the occasional case of socalled galloping consump- 
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tion in young adults may be on account of late primary infection. The 
lack of resistance shown in such cases may be due to the absence of pro- 
tective immunity conferred by childhood infection. 

It is probable that the change from the home environment of many 
of these children to the different atmosphere and surroundings met with 
in school may really be beneficial. We find at Westfield that the chil- 
dren attending the sanatorium school make better‘gains in weight and 
run more normal temperatures than when they are not in school. School 
hours serve as rest periods from active play and strenuous exercise. 
Too much play, even in the open air, as well as too long school days, 
may cause fatigue and lower resistance to disease. A child needs rest, 
but not too much at one time. A child needs play, but not too long 
continued. A child needs school, but not too many hours per day. 
Frequent variations of rest, school and recreation should make up a 
child’s day. 

The vigorous antituberculosis campaign that has been waged for many 
years has been successful in greatly reducing the death rate but this 
still remains high. The emphasis has been put upon diminishing the 
opportunities for infection from both human and bovine types, but as 
yet there is no evidence of any diminution in the number of: infected 
people. We wonder whether it is worth while to continue to concen- 
trate our efforts upon preventing infection from a bacillus that seems 
to be ubiquitous. It would be unwise, however, in the present state of 
our knowledge, to relax in any way the well established methods now 
in use. We should bring our additional reserves to bear upon the prob- 
lem of increasing the resistance to tuberculosis of the child between the 
ages of five and fifteen. This is the period when the tuberculosis death 
rate is at its lowest point. Resistance to infection is then very high and 
it seems to me that we can accomplish the greatest good by aiding nor- 
mal metabolism as much as possible at that time in every feasible way. 
We should strive to build up a strong body by proper food, sufficient 
sleep and supervised recreation in the open air, so that the tubercle 
bacilli, which we may take for granted are present, will be buried so 
deep in fibrous tissue that the ordinary stress of later life may not, by 
lowering resistance, reactivate and release them. 

Fortunately this favorable time is the school period when the public 
authorities have an opportunity to supervise and direct a child’s activi- 
ties to a greater extent than at any other age in the life of an individual. 
We have made a beginning, as is shown by the child welfare work and 
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nutrition classes that are being organized in many cities. This work 
should be fostered and made so comprehensive that all children attend- 
ing school are graded each year according to physical standards as they 
pass through the primary, grammar and high school grades. A 
thorough examination of each child at the beginning of every school 
year would be desirable, but until enough school physicians are employed 
to make this possible the child could be weighed and measured by the 
teacher and annual records compared. Those who are underweight 
should have a thorough physical examination to determine if possible 
the cause of this condition. These physical defectives should then be 
classified. There will be some with enlarged tonsils and adenoids; 
others with defective vision or hearing, and others with carious teeth; 
but after all these easily recognized defects have been corrected there will 
remain a considerable group that will be found on careful examination 
to have tuberculous cervical or bronchial glands. 

The most common symptom of childhood tuberculosis is fatigue. 
It may be exhibited in different ways, by nervous irritability or increased 
restlessness. The child will not want to play games at all or only for 
short periods. He cannot compete with healthy children either in 
work or play. He is considered queer by his companions and lazy, 
languid or inattentive by his teachers. Such children may have occa- 
sional febrile attacks which keep them from school for a few days at a 
time. These ill turns are frequently called colds, malaria, grippe, diges- 
tive disturbances or bronchitis. Such are the names under which 
tuberculosis masquerades in its incipient manifestations. 

Furthermore, it must be borne in mind that occasionally children may 
have glandular tuberculosis and still be normal or above normal in 
weight. They will, however, exhibit the same symptoms of fatigue and 
they must be considered physical defectives and treated accordingly. 

Cough is not a noticeable symptom in many of these children. 

On rare occasions a child will have a sttident, paroxysmal cough at 
night. It resembles whooping cough very much in sound but the 
excessive mucous secretion is absent. This is a pressure symptom due 
to enlarged bronchial glands and the reclining posture seems to induce 
it. Also sudden changes in temperature or violent exercise will produce 
a paroxysm. 

How are we going to set about increasing resistance to tuberculosis 
in children? I think we should keep in mind the fact that physical 
development is equally, if not more, important than education because 
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much learning, gained at the expense of ill health, is of little value to an 
individual. The school system should be made to fit the child; not the 
child to fit the system. 

Children in the first four grades should not be obliged to go to 
school more than two and a half hours daily. They will then have an 
opportunity to spend half the day in recreation in the open air and 
sunlight. To change to this plan would not require more teachers or 
more schoolrooms, because the present classes could be divided and 
one-half go in the morning and one-half in the afternoon. The school- 
master would doubtless say that it would be impossible to cover all the 
work that is now required by the public school system in this limited 
time. I would reply that by leaving out the nonessentials the work 
can be easily done. At the Westfield State Sanatorium school the 
children cover all the necessary work of the eight grammar grades in 
half day sessions and these children are not up to normal in physical 
condition. Children of the higher grammar grades could attend two 
sessions daily without harm if they were not given home lessons. With 
this modification of the public school system the child’s mental and 
physical welfare would be given equal consideration. 

Even under present conditions subnormal children should be class- 
ified according to their degree of physical disability. This could be 
done by dividing them into three groups. ‘The first group would con- 
tain those who are able to attend two sessions daily. They are only 
slightly subnormal and their symptoms intermittent. Most of these 
children need only to have their diet changed and more hours of sleep 
and rest to come up to normal. The second group would comprise the 
children who are obviously undernourished. They have occasional 
days of illness requiring absence from school. They are nervous, rest- 
less and inattentive. They have to be pushed along by the teacher to 
keep up with their classes. Insult is actually added to injury when 
they are kept after school to do work over or are given home lessons. 
These children should only attend half day sessions and spend the other 
half day out doors in rest and play. Their diet should be carefully 
regulated. Keep in mind that a tired child will not eat. Something 
more than placing nourishing food before such a child is needed. Rest 
must precede meal hours in order to develop an appetite. Rest, appe- 
tite, food is the sequence to remember in considering. the needs of a 
tuberculous child. It is not always more or better food that is required 
to make such a child gain in weight. Often it is an additional period of 
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rest and quiet that is the key to the solution of the problem. The third 
group exhibit more marked and persistent symptoms of active disease. 
Some from group two will have to be included because the home condi- 
tions cannot be made suitable on account of poverty or stupidity of the 
parents. These children should go to a sanatorium school where they 
can have constant supervision and careful regulation of rest and exercise. 

Lunches of bread and butter and milk should be provided for all 
underweight children who attend the morning session because such 
children are very apt to go to school without much or any breakfast,— 
not necessarily because food was not provided, but because they have 
no morning appetite. This is especially true of children with a smoul- 
dering tuberculous infection. If a child is not keeping up physically in 
the two session school he should be sent to the one session school and 
his program of study modified accordingly. Rest hours at home, more 
hours of sleep and a change of diet, if need be, would keep more of these 
children from dropping to the third group, where sanatorium treatment 
is required. 

The methods I have outlined would prevent children from getting 
too far down in the scale of ill health without the parents or teachers 
being made aware of it. It is not just to the child to wait until an 
explosion occurs. Preventive measures should precede curative measures. 

School nurses are needed to follow up the children in the home and see 
that the parents realize that their children are in need of extra care to 
prevent the development of serious illness and thus obtain their codper- 
ation in carrying out the plans that are recommended. 

I firmly believe we can do more to lower the adult death rate by 
proper care and supérvision of the children before the age of fifteen 
years than we can do by the best recognized treatment after that age 
period has passed. All of nature’s forces which go to build up resistance 
should be conserved and increased in all possible ways during the devel- 
opmental period of a child’s life. 

Then, when adolescence approaches and merges into manhood and 
womanhood and the call of life’s duties and pleasures are at their maxi- 
mum, the reserve which has been stored up will prove sufficient to meet 
the demand made upon it. | 


THE COORDINATION OF ANTITUBERCULOSIS AGENCIES 


WALTER C. KLOTZ 


Blue Ridge Sanatorium, Charlottesville, Virginia 


At the close of the war the period of adjustment following the armi- 
stice and demobilization was naturally a time for serious reflection and 
consideration of what had been accomplished in our fight against tuber- 
culosis during the last thirty years. It was the logical time to take 
stock as it were, to make a critical analysis of the various methods that 
had been employed in this campaign and to ascribe to each its practical 
value and share in the results that have been brought about. Those of 
us who gave up our work at home to follow some antituberculosis 
activity abroad were fortunate in obtaining a double perspective and 
broader view of the situation. Obliged, on the other hand, to make 
comprehensive surveys of problems to be met, we were naturally forced 
to consider more critically and carefully the American methods of p.9- 
cedure we were trying to introduce and apply. , 

Thus, in studying the situation in France, the most striking feature 
that met us was the lack of a comprehensive scheme of organization and 
the absence of a unified plan of attack. We were struck by the bril- 
liancy and genius displayed in isolated instances, but encountered on 
many sides a marked tendency to individualism. ‘There was no national 
tuberculosis association or any other national scheme of publicity 
and education, which could organize a generalized programme. The 
result had been that so many efforts remained localized. While some 
of the most epoch making discoveries had had their origin in France, so 

‘much so that the introduction of American methods might even seem a 
presumption, they had never been coérdinated with any broad scheme 
of application. The principal efforts had been directed toward study 
and research along bacteriological lines, the tubercle bacillus, immun- 
ology, and prevention of infection. But, except in a few instances, 
little attention had been paid to the immense social background of 
tuberculosis, wherein are grouped the many interacting and correlated 
predisposing factors that play the more important part in the develop- 
ment or evolution of clinical active tuberculosis. 
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nutrition classes that are being organized in many cities. This work 
should be fostered and made so comprehensive that all children attend- 
ing school are graded each year according to physical standards as they 
pass through the primary, grammar and high school grades. A 
thorough examination of each child at the beginning of every school 
year would be desirable, but until enough school physicians are employed 
to make this possible the child could be weighed and measured by the 
teacher and annual records compared. Those who are underweight 
should have a thorough physical examination to determine if possible 
the cause of this condition. These physical defectives should then be 
classified. There will be some with enlarged tonsils and adenoids; 
others with defective vision or hearing, and others with carious teeth; 
but after all these easily recognized defects have been corrected there will 
remain a considerable group that will be found on careful examination 
to have tuberculous cervical or bronchial glands. 

The most common symptom of childhood tuberculosis is fatigue. 
It may be exhibited in different ways, by nervous irritability or increased 
restlessness. The child will not want to play games at all or only for 
short periods. He cannot compete with healthy children either in 
work or play. He is considered queer by his companions and lazy, 
languid or inattentive by his teachers. Such children may have occa- 
sional febrile attacks which keep them from school for a few days at a 
time. These ill turns are frequently called colds, malaria, grippe, diges- 
tive disturbances or bronchitis. Such are the names under which 
tuberculosis masquerades in its incipient manifestations. 

Furthermore, it must be borne in mind that occasionally children may 
have glandular tuberculosis and still be normal or above normal in 
weight. They will, however, exhibit the same symptoms of fatigue and 
they must be considered physical defectives and treated accordingly. 

Cough is not a noticeable symptom in many of these children. 

On rare occasions a child will have a strident, paroxysmal cough at 
night. It resembles whooping cough very much in sound but the 
excessive mucous secretion is absent. ‘This is a pressure symptom due 
to enlarged bronchial glands and the reclining posture seems to induce 
it. Also sudden changes in temperature or violent exercise will produce 
a paroxysm. 

How are we going to set about increasing resistance to tuberculosis 
in children? I think we should keep in mind the fact that physical 
development is equally, if not more, important than education because 
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much learning, gained at the expense of ill health, is of little value to an 
individual. The school system should be made to fit the child; not the 
child to fit the system. 

Children in the first four grades should not be obliged to go to 
school more than two and a half hours daily. They will then have an 
opportunity to spend half the day in recreation in the open air and 
sunlight. To change to this plan would not require more teachers or 
more schoolrooms, because the present classes could be divided and 
one-half go in the morning and one-half in the afternoon. The school- 
master would doubtless say that it would be impossible to cover all the 
work that is now required by the public school system in this limited 
time. I would reply that by leaving out the nonessentials the work 
can be easily done. At the Westfield State Sanatorium school the 
children cover all the necessary work of the eight grammar grades in 
half day sessions and these children are not up to normal in physical 
condition. Children of the higher grammar grades could attend two 
sessions daily without harm if they were not given home lessons. With 
this modification of the public school system the child’s mental and 
physical welfare would be given equal consideration. 

Even under present conditions subnormal children should be class- 
ified according to their degree of physical disability. This could be 
done by dividing them into three groups. The first group would con- 
tain those who are able to attend two sessions daily. They are only 
slightly subnormal and their symptoms intermittent. Most of these 
children need only to have their diet changed and more hours of sleep 
and rest to come up to normal. ‘The second group would comprise the 
children who are obviously undernourished. They have occasional 
days of illness requiring absence from school. ‘They. are nervous, rest- 
less and inattentive. They have to be pushed along by the teacher to 
keep up with their classes. Insult is actually added to injury when 
they are kept after school to do work over or are given home lessons. 
These children should only attend half day sessions and spend the other 
half day out doors in rest and play. Their diet should be carefully 
regulated. Keep in mind that a tired child will not eat. Something 
more than placing nourishing food before such a child is needed. Rest 
must precede meal hours in order to develop an appetite. Rest, appe- 
tite, food is the sequence to remember in considering the needs of a 
tuberculous child. It is not always more or better food that is required 
to make such a child gain in weight. Often it is an additional period of 
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rest and quiet that is the key to the solution of the problem. The third 
group exhibit more marked and persistent symptoms of active disease. 
Some from group two will have to be included because the home condi- 
tions cannot be made suitable on account of poverty or stupidity of the 
parents. These children should go to a sanatorium school where they 
can have constant supervision and careful regulation of rest and exercise. 

Lunches of bread and butter and milk should be provided for all 
underweight children who attend the morning session because such 
children are very apt to go to school without much or any breakfast,— 
not necessarily because food was not provided, but because they have 
no morning appetite. This is especially true of children.with a smoul- 
dering tuberculous infection. If a child is not keeping up physically in 
the two session school he should be sent to the one session school and 
his program of study modified accordingly. Rest hours at home, more 
hours of sleep and a change of diet, if need be, would keep more of these 
children from dropping to the third group, where sanatorium treatment 
is required. 

The methods I have outlined would prevent children from getting 
too far down in the scale of ill health without the parents or teachers 
being made aware of it. It is not just to the child to wait until an 
explosion occurs. Preventive measures should precede curative measures. 

School nurses are needed to follow up the children in the home and see 
that the parents realize that their children are in need of extra care to 
prevent the development of serious illness and thus obtain their codper- 
ation in carrying out the plans that are recommended. 

I firmly believe we can do more to lower the adult death rate by 
proper care and supervision of the children before the age of fifteen 
years than we can do by the best recognized treatment after that age 
period has passed. All of nature’s forces which go to build up resistance 
should be conserved and increased in all possible ways during the devel- 
opmental! period of a child’s life. 

Then, when adolescence approaches and merges into manhood and 
womanhood and the call of life’s duties and pleasures are at their maxi- 
mum, the reserve which has been stored up will prove sufficient to meet 
the demand made upon it. 


| 
| 
| 
| 
} 
| 
4 


THE COORDINATION OF ANTITUBERCULOSIS AGENCIES 


WALTER C. KLOTZ 


Blue Ridge Sanatorium, Charlottesville, Virginia 


At the close of the war the period of adjustment following the armi- 
stice and demobilization was naturally a time for serious reflection and 
consideration of what had been accomplished in our fight against tuber- 
culosis during the last thirty years. It was the logical time to take 
stock as it were, to make a critical analysis of the various methods that 
had been employed in this campaign and to ascribe to each its practical 
value and share in the results that have been brought about. Those of 
us who gave up our work at home to follow some antituberculosis 
activity abroad were fortunate in obtaining a double perspective and 
broader view of the situation. Obliged, cn the other hand, to make 
j comprehensive surveys of problems to be met, we were naturally forced 
to consider more critically and carefully the American methods of p. 2- 
cedure we were trying to introduce and apply. 

Thus, in studying the situation in France, the most striking feature 
that met us was the lack of a comprehensive scheme of organization and 
the absence of a unified plan of attack. We were struck by the bril- 
liancy and genius displayed in isolated instances, but encountered on 
many sides a marked tendency to individualism. There was no national 
tuberculosis association or any other national scheme of publicity 
and education, which could organize a generalized programme. The 
result had been that so many efforts remained localized. While some 
of the most epoch making discoveries had had their origin in France, so 
much so that the introduction of American methods might even seem a 
presumption, they had never been coérdinated with any broad scheme 
of application. The principal efforts had been directed toward study 
and research along bacteriological lines, the tubercle bacillus, immun- 
ology, and prevention of infection. But, except in a few instances, 
little attention had been paid to the immense social background of 
tuberculosis, wherein are grouped the many interacting and correlated 
predisposing factors that play the more important part in the develop- 
ment or evolution of clinical active tuberculosis. 
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Reflecting back from our experience abroad, it was only natural, once 
we were ready to resume our work at home, that we should search more 
carefully our own methods and be more awake to the defects and faults 
of our own campaign against tuberculosis. In this spirit of self criti- 
cism we found that, to a certain extent, some of the faults that we had 
found abroad existed also in our own country. It has come to be 
accepted by many that we too have spent too much energy along the 
lines of infection instead of paying more attention to the predisposing 
factors, such as sanitary conditions of homes, factories and schools, 
personal hygiene and the many social errors that lie at the bottom of 
the whole question; the real causes that bring about the development of 
manifest tuberculosis as distinguished from simple infection. 

The other point that has been brought out by this study is the fact 
that in the campaign against tuberculosis we have been seriously handi- 
capped by the lack of more active and more general codperation on the 
part of the practising physician, particularly the general practitioner in 
the rural portions of our country. The details in this connection will 
be brought out more fully. below, after we shall have considered certain 
general aspects of the tuberculosis problem. 

It is not in place here, nor is it the purpose of this paper to enter into 
any academic discussion of such questions as immunity through infection 
or superinfection in the adult. It may be safer not to take too extreme 
a view or to assume that any immunity that has been acquired by infec- 
tion is absolute. Massive infection should always be guarded against, 
especially in young people. Because we vaccinate successfully against 
smallpox and typhoid fever, we do not necessarily abrogate former 
precautions as to quarantine or protection of water supply. Preven- 
tion of infection would undoubtedly be the ideal to strive for; and simply 
because it seems impossible to realize, while on the other hand we can 
bring about practical results by diminishing or ameliorating the pre- 
disposing factors, it would seem wiser, in our general propaganda at 
least, to modify the information given out to the public, in order to allay 
phthisiophobia which was developed to such an extent as to obstruct 
the very measures that would make for greater safety and protection of 
the community. 

One point that should be brought out and emphasized repeatedly, 
however, is the fact that exacerbations of chronic tuberculosis which we 
meet with clinically are not the result of recent infection but represent 
only one episode in the long course of tuberculosis infection in that 
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particular individual. The correct conception of this fact has a very 
important bearing upon our attitude toward the tuberculosis problem. 
If, in a given case, for example, there is a history of occasional exposure 
to infection, one year or six months ago, and the patient on examination 
presents the physical signs of a chronic fibrocaseous process obviously 
of years standing, it may be very consoling to a relative to be able to 
say definitely, that such recent exposure was not the source of the 
disease. Many cases of supposed conjugal infection are probably the 
result either of coincidence or living under the same, unfavorable envi- 
ronment. It is certainly difficult to prove the fact of infection in these 
cases. 

In the prevention of tuberculosis we must seek out and remove the 
factors that lie in environment. We must search for and discover the 
individual before the disease becomes manifest. We talk glibly about 
removing an advanced, open case of tuberculosis from the home in 
order to protect the rest of the family from infection, when the condition 
has probably existed for some years, and all the members of the family 
have been infected long ago. The proper time to prevent infection 
would have been before the disease had become active and the case an 
open one. Under such circumstances the most efficacious plan of pre- 
vention would be to build up the resistance of the children in such a 
family, in order to prevent infection which presumably has taken place 
from developing into active clinical disease. It will be a more profit- 
able investment to see that such children have a healthier environment, 
that they are better housed, that they are better fed, that their resist- 
ance is not further impaired by physical defects, that their immunity 
is not undermined by long hours in poorly built and badly ventilated 
school houses, that they are protected after they leave school and begin 
to seek a livelihood by a proper inspection and control of factory and 
labor conditions. It is along such lines that our educational and awak- 
ening propaganda should be directed. We have devoted too much time 
on the tubercle bacillus itself, when we could expend our efforts more 
profitably by making the soil unfavorable and thus rendering the germ 
harmless. This must not be interpreted as deprecating the research 
work of the laboratory. Its contributions have been invaluable and the 
search for a remedy for tuberculosis has been the incentive to some of 
the greatest discoveries in immunology. But for the purpose of popular 
education and as a basis for a social campaign against tuberculosis, we 
shall accomplish more if we accept the ubiquity of the tubercle bacillus, 
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if we acknowledge the hypothesis of childhood infection and the latency 
i of tuberculosis; if we start out in our attack with the assumption that 
the average adult of civilization is relatively immune against external 
superinfection, as a result of that childhood infection, and that our 
hI efforts toward prophylaxis, as well as those of treatment, must be based 
! upon the hygienic principles that will bring about the greatest resistance, 
the greatest degree of immunity and the maximum antibody production. 

Taking up the tuberculosis problem of Virginia we find that it is a 
fairly formidable one, not only because of the number of cases existing, 
which can only be approximated on the basis of the mortality figures, but 
also for the reason that it is so largely a rural problem and therefore 
presents a number of difficulties. There is furthermore the factor of 
tuberculosis of the colored population which in itself constitutes a 
matter for serious study and contemplation. It has been difficult to 
make a very satisfactory study of the mortality statistics for the reason 
that Virginia was not added to the registration area until 1912. For 
that reason a very exact determination of the various curves for urban 
and rural or for white and colored is not feasible. Nor is it pos- 
sible with the figures at our disposal to make accurate curves for the 
differential tuberculosis mortality, and show the variations of the dif- 
ferent forms of tuberculosis. However, the curves for the last five years, 
showing an annual number of deaths averaging more than 3000, would 
make it safe to assume that there are at least 18,000 open active cases 
of tuberculosis, with an additional 18,000 less advanced but active cases, 
at any one time. 

There are at the present time 400 beds for white patients and only 
100 beds for colored patients in the State Sanatoriums, with probably 
less than 100 additional beds for indigent or semi-indigent patients in 
all other institutions in the state. For the greater number of existing 
cases therefore there are no facilities for institutional treatment. But 
even if such facilities did exist it is safe to assume that most of thebeds 
would remain vacant unless other coérdinated agencies were to be estab- 
lished in order to bring these patients in touch with such institutions. 
The sanatorium operating alone as an isolated agency would fail to 
reach most of them. However, there are probably not more than four 
tuberculosis dispensaries existing at the present time, all located in the 
larger cities. No permanent tuberculosis dispensaries have been estab- 
lished for the rural population, although an attempt to establish them 
has been made in one county. 
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There is obviously great need therefore for more extensive organiza- 
tion and better machinery in order to search out and discover the greater 
number of patients, many of whom are unaware of their condition, not 
taking any treatment, or observing no precautions toward preventing the 
further development of their malady. In order to bring them under 
control for purposes of education as much as for treatment, there is 
urgent demand for a comprehensive system of dispensaries which must 
however be permanent institutions. There must be an adequate staff of 
public health visiting nurses operating from the dispensaries, to reach 
the most remote mountain settlements and to bring the patients to the 
dispensaries for “examination and diagnosis each regular clinic day. 
Such dispensaries should work with the local practising physicians and 
provide the services of a fulltime tuberculosis specialist, who shall act 
in a consulting capacity, codperating with the local physicians, but not 
undertaking to prescribe for or treat any patients, unless these are too 
poor to pay a private physician, or only if requested by the family 
physician. 

In suitable cases the dispensary consulting physician should recom- 
mend institutional treatment through the family physician but should 
not refer patients directly for admission. For the rural communities 
it would be sufficient to hold such dispensary sessions once in two weeks, 
the personnel being furnished by or through a central dispensary located 
in the principal city of the county. The intervals between dispensary 
sessions should be used by the nurses for instructive follow up work and 
individual education and demonstration. Special diagnostic features 
such as X-ray, laryngeal, and other special examinations could be 
provided at the central dispensary to which patients from the rural 
dispensary would be referred. The central dispensary might well be 
connected with a local hospital. 

These dispensaries should also be in very close relation to the sana- 
torium, and patients should be referred back to them after discharge, 
in order that they may be followed up by the visiting nurse to see that 
they continue to carry out the instructions they may have received and 
in this way help to insure a greater permanency of benefit. Such a 
system would help in selecting the cases suitable for sanatorium treat- 
ment, and promote the efficiency and usefulness of the institutions consid- 
erably, by preventing recurrence after discharge. For to repeat once 
more, the acute exacerbations of chronic tuberculosis are only single 
episodes in the life history of tuberculous infection of the individual 
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and permanent arrest can only be secured or attained by careful obser- 
vation and supervision over a much longer period than most patients 
can be induced to remain at a sanatorium. 

Left to itself as an isolated unit without any correlated agencies, the 
sanatorium sacrifices much of its usefulness in the general campaign 
against tuberculosis, because it would fail to reach any but a small 
number afflicted; while the care of the patient after the sanatorium has 
come to be a much discussed and serious problem. 

Finally, as the tuberculosis problem is so intimately related to all 
other public health problems, its various agencies should be in relation 
with all existing public health agencies in a given community. The 
tuberculosis dispensary might with advantage be linked up directly with 
a diagnostic or health center and in this way work hand in hand with 
child welfare, infant hygiene, life extension, school inspection, housing 
commission, factory control, sanitation and all other public health agen- 
cies. But all these agencies will fail to attain the maximum degree of 
efficiency unless they have the hearty interest and codperation of the 
practising physician. This question requires fuller consideration. 

There are two important reasons why, in connection with tuberculosis 
work especially, we have hitherto failed to obtain the necessary codper- 
ation of the private physician. One of these is that there has been a 
lack of instruction and training in tuberculosis at our medical schools 
and the second reason is that in many instances tuberculosis work, as 
well as many other social activities, have been initiated by laymen 
without taking the physician into their confidence. Taking up the 
first point, the lack of proper knowledge of tuberculosis, it is obviously 
not through any fault of the doctor, if he has only a hazy idea of tuber- 
culosis. This subject has been seriously neglected in our colleges and 
hospitals. ‘There are few schools that require systematic special instruc- 
tion in tuberculosis. Furthermore, since the infectious nature of tuber- 
culosis has been established, patients suffering from this disease have 


correlation with other diseases ot the chest and where autopsy nnaings 
could be compared with the physical signs, X-ray findings and clinical 
symptoms. Strong pleas have been made recently in favor of a sepa- 
rate ward or small pavilion in connection with general hospitals, to 
provide a limited number of tuberculosis patients for teaching purposes. 

There is the greatest need for thorough undergraduate instruction in 
this subject, in order that our coming physicians may understand tuber- 
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culosis in its broadest clinical, biological and sociological aspects. It is 
not sufficient merely to make a physical examination and discover the 
ultimate rale. What is required is the ability from the history, clinical 
symptoms and physical signs to reconstruct the whole history of the 
disease in the given individual, in order to decide what were the causes 
and factors that brought about the evolution of active tuberculosis; 
then knowing all these facts, including a knowledge of the financial, 
domestic, and social condition, to decide what is to be the best way of 
treating him and what are the prospects of his getting well. 

Considering finally the codperation of the practising physician, it 
should be emphasized again that no plan of antituberculosis organiza- 
tion that does not include him in its plan and scope can hope to attain 
the fullest degree of usefulness. It is a very just criticism of many 
social and philanthropic efforts, initiated by laymen from the highest 
humanitarian and most unselfish motives, that they have not taken the 
practising doctor into their confidence and made him a partner of their 
activities. Particularly in the rural districts the family physician 
exercises a great influence over his patients throughout his community, 
and could be the first to direct them toward the nearest tuberculosis 
agency available. He should be made acquainted with the location 
and scope of such agencies and know the most direct method, by which 
he can avail himself of their help. He should remain in intimate rela- 
tion with their operations. 

It must be considered, furthermore, that the private practitioner has 
an inalienable right to earn a livelihood by practising his profession. 
Neither public or private efforts at bettering community health should 
interfere with this privilege, which has been granted him by the state on 
the basis of certain educational requirements. ‘These represent capital 
invested. The public agency should not seek to divert his patients, 
prescribe for or treat them, unless they actually require such help as he 
cannot give them. It should sustain the doctor, as far as consistent 
with the interests of his patients. The public health agency may help 
him in confirming a diagnosis that he might be reluctant to make, in 
view of the still existing feeling and sentiment against tuberculosis as a 
- social stigma. It may also help him by placing at his disposal special 
knowledge and facilities in the way of laboratory and X-ray examina- 
tions, for example. In return, it is only fair that he should extend his 
aid in the fight against tuberculosis, and more especially, by reporting 
suspected or definite cases, help in locating the centre of infection. 
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Operating in this way his prestige will not suffer, nor will he incur mate- 
rial loss. On the contrary, a greater interest in, and knowledge of, 
health matters in his community will only increase his influence and 
scope and be to his own practical advantage, provided he is suffi- 
ciently progressive to take advantage of such facilities and wide awake 
to follow the newer trend and development in the field of medicine. 
The time may come when we shall adopt the oriental system of paying 
doctors to prevent disease and when all physicians will be fulltime 
men paid by the community or the state. But until that time comes, 
we must enlist the private doctor as an important and valuable ally in 
our plan of campaign against tuberculosis. 
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EDITORIAL 


AGAIN INFLUENZA AND TUBERCULOSIS: A LETTER FROM 
DOCTOR FISHBERG 


When the epidemic of influenza first broke out during the second 
half of 1918, I noted that my tuberculous patients either escaped the 
acute disease or, when contracting it, presented milder symptoms, and 
recovered in larger numbers than those who had not suffered from 
phthisis. Revising at that time my book on tuberculosis I ventured 
to record this fact. On November 18, 1919, I presented a communi- 
cation to the New York Academy of Medicine showing that all over the 
world experience had shown, contrary to the accepted dictum, that in- 
fluenza has no etiological relation to tuberculosis, and is not to be con- 
sidered as a reactivator of latent tuberculous lesions. 

Ever since then hundreds of papers have been published both here 
and abroad on the subject of influenza and tuberculosis. The vast 
majority agree with the views I expressed in the above mentioned com- 
munication. Very few still cling o the old notion that influenza is 
deadly to tuberculous patients, and that a large number of healthy 
persons have developed phthisis soon after the symptoms of the acute 
epidemic disease had abated. Many correspondents have inquired 
what I now have to say, after it has been shown by some that my views 
are not in accordance with facts. 

The main contentions against my views may be summarized in the 
following two propositions: (1) A large proportion of patients who have 
developed phthisis during the past three years mention that they had 
felt well until an attack of influenza, which was sooner or later followed 
by the symptoms of phthisis. (2) A large proportion of patients with 
mild or quiescent tuberculous lesions, and who had good chances of 
getting well, succumbed to the complicating influenzal process, or soon 
thereafter to acutely progressive tuberculous disease. 

The facts which will clear these problems up once and for all are now 
available. 

It has been estimated that between 20 and 25 per cent of the popula- 
tion of this country has been attacked by influenza during 1918-1920. 
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In persons between fifteen and forty-five years of age, the period when 
phthisis is most common, the percentage was even higher. Under the 
circumstances it is to be expected that, of those who develop active 
pulmonary tuberculosis during these three years, about 20 to 30 per 
cent should have had influenza. It is also clear that unless more than 
25 per cent of tuberculous patients give a history of having had influenza, 
we cannot accept the statistics published by several writers as proving 
that it was influenza that caused the lung lesions or reactivated them. 

If influenza had been instrumental in reactivating dormant tuberculous 
disease, the morbidity would have increased during 1919-1920: the 
sanatoriums would have been filled. While we have no reliable statistical 
evidence as to morbidity, we have another means of estimating it. We 
remember the long waiting lists of the municipal and state sanatoriums 
in the recent past. What are the facts now? None of the sanatoriums 
in New York State are filled. In fact, in many there are numerous 
vacant beds which cannot be filled. Information I have obtained tends 
to show that this is also a fact in other states. And when we find that 
the sanatoriums are not filled we may safely conclude that the morbidity 
from tuberculosis has declined. The explanation offered by some, 
that economic conditions are responsible, is unsatisfactory for obvious 
reasons. 

Nor has the mortality from tuberculosis increased during the past 
three years. Dr. Charles L. Minor, while discussing my above men- 
tioned paper made the prediction that “Judging from my experience I 
believe that the statistics of the next few years will show that this 
epidemic will result in a very marked increase in the morbidity and the 
mortality curves from tuberculosis throughout the country.” We have 
just shown that this is not substantiated by the data on morbidity. 
But the mortality also has decreased. In New York City, for instance, 
there were reported 7395 deaths from pulmonary tuberculosis during 
1919, and only 6164 during 1920,—a decrease of 1231. Similar statistics 
are available in other cities and those who are interested may easily 
obtain them from the Health Departments. 

We are thus again safe in concluding that influenza has no etiological 
relation to tuberculosis. 
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